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POSITIVE CONTROL OF MATERIALS IN MOTION BiF) FEEDERS 
CONTROLS 


CHLORINIZERS... 


SEE SAFETY 
IN ACTION! 


See Actual See Actual See Actual 
Chlorine Regulation! Flow Rate! Performance! 


See-Thru Components give Visual Proof of 
Operation .. . Positive Evidence of Effective 


Vacuum! 


For extra safety in handling chlorine gas: 
. full vision vacuum feed 
. Shortest flow path available 
. automatic safety devices 
. vital control and metering components not 
exposed to ravages of wet gas 
Built-in safety reduces maintenance: 
...gas doesn’t contact water till just prior to 
entering injector . . . lowers maintenance, 
increases unit life and safety 


... money-back performance guarantee 


Industries 


BUILDERS-PROVIDENCE * PROPORTIONEERS + OMEGA 


METERS « FEEDERS * CONTROLS / CONTINUOUS PROCESS ENGINEERING 


For complete data: 

request Bulletin 840-L23A, write 
B-I-F Industries, Inc. 

368 Harris Ave. 

Providence 1, R. I. 
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Potents Pending 


... induced counterflowing air-liquid 
streams shear large air globules from 
nozzles into fine bubbles... causing 
instantaneous oxygen transfer to liquid, 
from turbulence, and thousand-fold 
increased air film surfaces. 

Fine bubbles from porous diffusers are 
recirculated by counterflowing streams 
to greatly increase total oxygen trans- 
fer due to sub-surface tank turbulence. 


Aeration Tank section showing SWING 
DIFFUSER with ‘““SHEARFUSER" Header 


HYDROSHEAR action in “SHEARFUSER" 
Nozzle Aerator 


PROVIDES . . . CLOG-PROOF. highest 
oxygenation and circulation at lowest air 
pumpage and power usage. 


USES .. . fine bubble “SHEARFUSER” 
Air Nozzles, or Porous Diffusers, to ob- 
tain required aeration . . . combined with 
SWING DIFFUSERS for operating flexi- 
bility. 


Write for Bulletin 178 


Putting Ideas to Work 


FOOD MACHINERY AND CHEMICAL CORPORATION 


HYDRODYNAMICS DIVISION 


CHICAGO PUMP 


622 DIVERSEY PARKWAY + CHICAGO 14, ILLINOIS 


3l7a 
— — 
: | 
i 4 
; 
| 
: 
| | 
a 
© 1960-CP-F. M. C. 


JOURNAL of the WATER POLLUTION CONTROL FEDERATION 


Volume 32 July 1960 


Number 7 


Contents 
1959 Literature Review 
A Review of the Literature of 1959 on Wastewater and Water Pollution Control. 
By WPCF COMMITTEE. 
Water Pollution 
Sewage Works 


A Paper Chromatographie Method for Volatile Acids. 
R. Borne III, anp JAMEs R. 
Flow Equations for Sewage Sludges. By 


Industrial Wastes 


The Selective Stimulation of Respiration in Mixed Cultures of Bacteria and Protozoa 
By NUGENT Myrick AND A. W. Buscu er 
Pollution Abatement in the Sugar Industry of Louisiana. ARTHUR G, KELLER 
AND H. K. HucKaBay = 
Stream Pollution 
Water Quality Control Considerations in the Red River Compact. 
I. Introduction. By Henry C, BecKMAN 
II. Quality Degradation of the Red River by Natural 


Sources. 
CRANE 


IIT, Quality Degradation of the Red River by Man-Made 


Sources. 
SMALLHORS1 
By G. T. 
V. The Downstream End. By Joun E. TRYGG 
VI. Water Quality Control in a Water-Rich State. 
The Operator’s Corner 
Surface Preparation. By SHELDON DUNNING wk 
Principal Protective Coatings for Wastewater Works. B 
Inspecting Paint Coatings. By Sipney 
Impeller Repairs by Welding. By Leo Krapp 
Tips and Quips 
Editorial 


Philadelphia in October 
Annual Membership Contest Rules 
Reviews and Abstracts 


Proceedings of Member Associations 


Pacific Northwest Sewage and Industrial Wastes Association 
New York Sewage and Industrial Wastes Association 


Equipment and Supplies . 


RALPH E, FuurMAN, Editor, 4435 Wisconsin Ave.. Washington 16, D. C. 
ROBERT A. CANHAM, Associate Editor 


Ropert A. GERBER, Assistant Editor 
A. Production Manager 


Mailing Permit: Second class postage paid at Lancaster, Pa., and at additional mailing offices. 


pate 
i 
4 
r 
a 
4 
681 
By A, M. BUSWELL, JOHN 
761 
76: 
763 
a By D. F. 
River—A 
<NOEDLER.. 780 
re 


JOURNAL WPCF 319a 


alert 


P.F.T. EQUIPMENT SERVING MILITARY ACADEMIES 


ARMY 


West Point, New York. Two 20’ Floating 
Covers. One 4170 Heater and Heat Ex- 
changer Unit. Two Liquidometers and 
Floating Cover Position Indicators. 


NAVY 
Annapolis, Maryland. Two 25’ Floating 
Covers. Two Supernatant Selectors and 
Supernatant Selector Gauges. 


AIR FORCE 


Colorado Springs, Colorado. Two 40’ 
Floating Covers. One #250 Heater and Heat 
Exchanger Unit. Gas Safety Equipment. 


COAST GUARD 


Groton, Connecticut. One 28’ Floating 
Cover. Gas Safety Equpiment. 


waste treatment equipment exclusively since 1893 


PACIFIC FLUSH TANK CO. 
4241 RAVENSWOOD AVENUE, CHICAGO 13, ILLINOIS 


PORT CHESTER, N.Y. © SAN MATEO, CALIF. 


* CHARLOTTE, N.C. «© JACKSONVILLE + DENVER 
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in papers or discussions published in this JouRNAL. 
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NICHOLS “ROTO - PLUG” 
CUTS INITIAL INSTALLATION 


38% 


The Nichols ‘“Roto-Plug’ Sludge Concentrator with its low initial 
installation cost—plus its inherent efficient and economical operation— 
places mechanical sludge dewatering within the reach of even the 
smallest community. 

The “Roto-Plug” eliminates expensive vacuum and filtrate equipment, 
chemical mixing and feeding equipment, conditioning equipment, and high 
filter-media maintenance. Cost-wise this is a savings of 38% of the initial 
capital investment, compared with other methods of sludge dewatering. 

Get all the facts about the economy of the “‘Roto-Plug"’. Write today 
for our four-page, two-color technical bulletin RP-100. 


NICHOLS ENGINEERING & RESEARCH CORP. 


80 Pine Street, New York 5, New York 
3513 N. Hovey Street, Indianapolis 18, Ind. 
405 Montgomery Street, San Francisco, Calif. 


Alabama Water and Sewage Asen.* 
E. J. Finney, Jr., Act.-Sec., Univ. of Alabama, 


University, Ala 
ae Sewage and Water Works Assn.* 
D. Cox, Sec.-Treas., 2612 N. 16th St., Phoenix, 
Arkansas Water and Sewage Conf.* 
Dr. C. W. Oxrorn, Sec.-Treas., College of Engi- 
neering, University of Arkansas, Fayetteville, Ark 


California Sewage and Industrial Wastes Assn. 
Rosert L. Wuirte, Sec.-Treas., Bureau of Engr., 
City Hall, Burbank, Calif 

Canadian Institute on Sewage and Sanitation 
Dr. A. E. Berry, Sec.-Treas., Administrative Of- 
fice, 72 Grenville St., Toronto, Ont., Canada 


Central States Sewage and Industrial Wastes 
Assn. 
Scott E. Linsiey, Sec.-Treas., 2400 Childs Rd., 
St. Paul 6, Minr 


Federal Sewage Kesearch Assn. 
Sec.-Treas., Public Health Service, 
Rm. 4123, South HEW Bidg., Washington 25, 


Florida Sewage and Eadustrtes Wastes Assn. 
ArTHUR R. FINNey, Jr., Sec.-Treas., 4801 S. W. 
117th Ave., Miami 55 Fla. 
Georgia Water and Sewage Assn.* 
Ropert S. INGors, Sec.-Treas., Prof. of Applied 
Biology. Georgia Institute of Tech., Atlanta, Ga. 


(Germany) Abwassertechnische Vereinigung 
Otto Pattascu, Sec.-Treas., Bertha-von-Suttner- 
Platz 8, Bonn, Germany 


Indiana Sewage and Industrial Wastes Assn. 
Victor G. Wacner, Sec.-Treas., St. Dept. of 
Hith., 1330 W. Michigan St., Indianapolis 7, Ind. 


Institute of Sewage Purification 
W. F Snook, Sec., 10, Cromwell Place, South 
Kensington, London, S. W. 7, England 


Institution of Public Health Engineers 
Ernest V. Batsom, Ay 179 Vauxhall Bridge 
Road, London, S. W _ England 


Iowa Sewage and Industrial Wastes Assn. 
L. F. Skorczeski, Sec., 207 South 15th Ave., 
Marshalltown, Iowa 


Israel Assn. of Sewage Engineers 
BALAsHA, Sec., ¢ Technion, Israel Inst. 
of Tech., P. O. Box 4910, Haifa, Israel 


Kansas Water Pollution Control Assn. 
Howarp F. Sacer, Sec.-Treas., 1900 East Ninth, 
Wichita, Kans 


Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
S. Leary Jones, Sec.-Treas., 602 Cordell Hull 
Bidg., Nashville 3, Tenn. 


Loulsiana Conference on Water Supply and 
Sewerage * 
Georce H. West, Sec.-Treas., P. O. Box 895, 
Water Dept., Lake Charles, La 


Maryland-Delaware Water and Sewage Assn.* 
W. M. Brnciey, Sec.-Treas., c/o State Dept. of 
Health, 301 W. Preston St., Baltimore 1, Md 

Michigan Sewage and Industrial Wastes Assn. 
D Prerce, Sec.-Treas., Michigan Dept. of 
Health, Rm. 331, Admin. Bldg., Lansing 4, Mich. 


Mississippi! Sewage and Industrial Wastes 


Nem G. Mc Manon, Sec.-Treas., Mississippi State 
Board of Health, Jackson, Miss 


Missouri Sewage and Industrial inc Assn. 


Jack K. Situ, Sec.-Treas., ter Pollution 
Control Bd., 112 W. High, P.O x x 154, Jeffer 
son City, 


Montana Sewage Wastes Asean. 


A. W. CLaRKso Tr Div. of Environ 
Sanit., State Bo aol of Health, "Helena, Mont 


* Sewage and Industrial Wastes Section. 


WPCF MEMBER ASSOCIATIONS 


Nebraska Sewage and Industrial Wastes Assn. 
E. Bruce Meter, Sec.-Treas., Kirkham, Michael 
& Assoc., 508 S. 19th St., Omaha 2, Nebr. 


New England Sewage and Industrial Wastes 
Assn. 
Eart R. Howarp, Sec.-Treas., Bureau of Public 
Works, 115 Broad St., Hartford, Conn. 


New Jersey Water Pollution Control Assn. 
Antuony T. Leaney, Sec.-Treas., P. O. Box 32, 
West Trenton, N. J 


New York Sewage and Industrial Wastes Assn. 
Ratpu C. Sweeney, Sec., c/o State Dept. of 
Health, 55 Church St., W hite Plains, N. 


New Zealand Sewage and Industrial Wastes 
Assn. 
K. R. Davis, Hon. Sec.-Treas., Auckland Metrop. 
Drain. Bd., P. O. Box 208, Auckland C. 1, New 
Zealand 


North Carolina Sewage and Industrial Waste 
Asen. 
T. Z. Osporne, Sec.-Treas., Rm. 309 Municipal 
Bldg., Greensboro, N. C 


North Dakota Water and Sewage Works Conf.* 
W. Van Hevveten, Sec.-Treas., State Dept. of 
Health, Bismarck, N. Dak 


Ohio Sewage and Industrial Wastes Treatment 
Conf. 

E. B. Ransom, Sec.-Treas., Div. of San. Engr., 

Dept. of Hith., 101 N. High St., Columbus 15, O. 


Oklahoma Water, Sewage and Industrial Wastes 
Conf.’ 
H. M. Crane, Sec.-Treas., 3400 Northeastern, 
Oklahoma City 5, Okla. 


Pacific Northwest Pollution Control Assn. 
Gitpert H. Dunstan, Sec.-Treas., P. O. Box 176, 
Pullman, Wash 


Pennsylvania Sewage and Industrial Wastes 
ssn. 
J. R. Harvey, Sec.-Treas., c/o Pennsylvania Dept. 
of Health, 996 So. Main St., Meadville, Pa 


Puerto Rico Water and Sewage Works Assn. 
Ropert J. Autp, Sec.-Treas., Espana 2015, Ocean 
Park, Santurce, P. R. 


Rocky Mountain Sewage and Industrial Wastes 


Assn. 
Verne E. Pratu, Sec.-Treas., P. O. Box 149, 


Englewood, Colo 


South Carolina Water and Sewage Works 


Assn.* 
Ropert N. Bowen, Sec.-Treas., 417 Wade Hamp- 
ton Bldg., Columbia, S. C 


South Dakota Water and Sewage Works Conf.* 
Don C. Katpa, Sec.-Treas., Div. of San. Engr., 
State Board of Health, Pierre, S. Dak 


(Sweden) Fireningen fir Vattenhygien 
Ertk Jonsson, Sec., Box 5038, Stockholm 5, 


Sweden 


(Switzerland) Verband Schwelizerischer Abwas- 


serfachleute 
Pierre Witpt, Sec., Hegemmatt 28, Zurich 2/38, 


Switzerland 

Texas Water and Sewage Works Asen.* 
G. R. Herztx, Jr., Sec.-Treas., Div. of San. Engr., 
State Dept. of Health, Austin, Tex 


Utah Water Pollution Control Assn. 
A. ANDERTON, Sec.-Treas., 2500 S. State 
St., Salt Lake City 15, Utah 


Virginia Industrial Wastes and Sewage Works 


Assn. 
Orvat J. Hanp, Sec.-Treas., Hercules Powder Co., 


Hopewell, Va 


West Virginia Water Pollution Control Assn. 
3LEN O. Fortney, Sec.-Treas., State Dept. 
Health, Charleston 5, W. Va. 
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A PACKAGED PUMP STATI 
THAT MeETS 
YOUR REQUIREMENTS 


& ADVANCED DESIGN FOR GREATER EFFICIENCY 
Compare motor and pump assembly of this duplex sewage pump station with any 
other and see the TEX-VIT superiority. Individual shaft for each pump and each 
motor. Four bearings per assembly instead of the customary two. Heavy steel shell, 
completely protected from corrosion. 


DIRECT PRESSURE CONTROLS FOR EXTRA RELIABILITY 

Exclusive TEX-VIT controls are actuated by pressure variations within the wet well. 
No compressor to maintain; no floats or other moving parts in the wet well. 
IMPROVED AIR CIRCULATION AND CONDITIONING 

Extra large blower provides complete change of air every 60 seconds. Air inlet and 
outlet are at opposite sides of station to prevent short circuiting of air. Refrigeration- 
type dehumidifier. 

SUPERIOR COMPONENTS FOR EXTRA DEPENDABILITY 

Pumps, motors, controls, and other components bear the brand names you would 
expect to find in a Who’s Who of American Industry. You know you are getting 
the best when you specify TEX-VIT. 

INSTALLATION TESTED AND PROVED 

TEX-VIT packaged pump stations are setting new standards. Names of muncipal and 
industrial users furnished on request. 

Let TEX-VIT help you with your sewage lift problems. TEX-VIT also makes 
pneumatic ejectors and packaged ejector stations. 


TEX-VIiT 


SUPPLY COMPANY 


MANUFACTURING DIVISION 
Dept. S-7, Box 117, Mineral Wells, Texas 


Write for bulletin No. PS-60 
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MEMBER ASSOCIATION MEETINGS 


Association * Date Place 


ISP (England) June 21-2 Searborough, England 

Pennsylvania Aug. Pa. State Univ., University Park 
Georgia Sept. Georgia Inst. of Tech., Atlanta 

South Dakota Sept. Grand Hotel, Watertown 
Kentucky-Tennessee Sept. 12-1: Andrew Jackson Hotel, Knoxville 
Missouri Sept. 25-£ Hotel Governor, Jefferson City 

North Dakota Oct. Grand Pacific Hotel, Bismarck 

Pacific Northwest Oct. Marcus Whitman Hotel, Walla Walla, Wash. 
Rocky Mountain Oct. 24-26 Broadmoor Hotel, Colorado Springs, Colo. 
Canada Oct. 24-27 Statler Hotel, Buffalo, N. Y. 

New England Oct. 26-27 Taft Hotel, New Haven, Conn. 

Nebraska I, Castle Hotel, Omaha 

South Carolina bs Jefferson Hotel, Columbia 

North Carolina ns R. E. Lee Hotel, Winston-Salem 

Florida a Galt Ocean Mile Hotel, Fort Lauderdale 
Oklahoma fe State University, Stillwater 


Indiana j Hotel Washington, Indianapolis 


* See preceding left-hand page for full name. 


THIRTY-THIRD ANNUAL MEETING 


Water Pollution Control Federation 


Host—Pennsylvania Sewage and Industrial Wastes Association 


Philadelphia, Pennsylvania 


Technical Meetings and Exhibits—Convention Hall 
Hotel Headquarters—Sheraton 
October 2-6, 1960 
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M.O.P. 7—-SEWER MAINTENANCE 


complete coverage for protecting 
a $15 billion investment 


a first in the field 
64 pages 
© 68 references 
© $1.00 to members; $1.50 to others 


® see coupon on p. 36la 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 
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Low-cost treatment for small sewage flows ...- 


— an extended activated sludge process in 
which essentially all volatile influent solids 
are oxidized by the continued recirculation 
and re-aeration of raw sewage and highly 
concentrated return sludge. 


Two types of Eimco-Process single tank Aerobic 
Digestion plants now provide low-cost, high-degree 
purification for sewage flows of 1,000 to 15,000 GPD 
. .. and for flows 15,000 to 300,000 GPD. 


Both types achieve 85 to 95% suspended solids and 
BOD reductions in approximately 24 hours aeration 
and 4 hours settling time. Solids are reduced to a 
stable ash. Effluent is clear and odorless. 


Eimco-Process plants for aerobic digestion are 
complete treatment plants, requiring a minimum 
investment in equipment. No primary settling tank 
and no separate tanks for digestion, clarification or 
storage are required. No sludge drying beds are need- 
ed. Maintenance consists only of routine lubrication 
and periodic housekeeping. 


In the smaller sizes, Eimco-Process plants are pre- 
fabricated for truck shipment; larger size units are 
designed for minimum field fabrication. Aerobic diges- 
tion plants arrive with all auxiliaries, and equipped 
with Non-Clog Diffusers, an Eimco-Process develop- 
ment for aeration that eliminates clogging and the 
need for backflushing 


Eimco-Process Aerobic Digestion plants have also 
been successfully applied for many types of miscel- 
laneous wastes. The Eimco representative in your area 
can be most helpful to you or to your consulting en- 
gineers in determining the type and size aerobic diges- 
tion plant most economical for your needs. 
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for flows over 15,000 GPD 


Circular tank units with aeration com- 
partment surrounding settling and 
clarification tank. Equipped with motor- 
driven sludge removal mechanism, blower, 
and skimmer arm. 14 sizes. 


Rectangular steel tank design with 
baffle separating aeration from 
settling and clarification 
compartments. Settled sludge is 
returned to aeration compartment 
continuously. 8 sizes. 


(MINE THE EIMCO CORPORATION 


Process Engineers Division 


420 Peninsular Avenue 
San Mateo, California 


NEW BULLETIN ON AEROBIC DIGESTION 


Write Eimco’s Process Engineers Division for 
your copy, or ask the Eimco representative 
nearest you for BULLETIN SM-1010. 
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This, believe it or not, is a wall mounted chlorinator. Its attractive appear- 
ance is our way of showing how proud we are of the advanced operating 
parts hidden behind the front panel. For example: This is the first wall 
mounted chlorinator ever to feature a single stack regulator. Simple, com- 
pact appearance belies the fact that it can handle up to 200 pounds per day 
of chlorine more accurately, dependably, and safely than any other chlo- 
rinator with the single exception of its big brothers. It is so completely corro- 
sion-proof in the right places that we have little hope of ever selling replace- 
ment units. In short, we have never been happier with any product than 


we are with the new Series 3600 chlorinators . 


Should you wish to order one of these 

beauties sight-unseen, on our say-so, we 

can deliver immediately from warehouse 

stocks across the country. If not, your local 
F&P field office vill gladly demonstrate the 
3600 Series at your plant, at your 

convenience. Call for an appointment 

Or, write for comple te information in 

Bulletin 70C3600. Fischer & Porter Company, 
1170 Fischer Road, Warminster, Pa. 


FISCHER & PORTER COMPANY 
INSTRUMENTATION AND CHLORINATION 


These MANUFACTURING AFFILIATES carry Fischer & Porter engineering designs to the far corners of the earth. FISCHER & PORTER (CANADA) 
LTD., DOWNSVIEW. ONTARIO « FISCHER & PORTER LTD., WORKINGTON, CUMBERLAND ENGLAND @ FISCHER & PORTER Gm.bDH., 
GROSSELLERSHAUSEN, BE! GOTTINGEN, GERMANY « FISCHER & PORTER N.V., KOMEETWEG 11, THE HAGUE, NETHERLANDS « FISCHER & 
PORTER Pty LTD, 184 HANNA ST, SOUTH MELBOURNE, VICTORIA, AUSTRALIA 
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PRECAST CONCRETE 
SEWER ELEMENTS 


for lasting service at low cost 


American-Marietta offers concrete manholes and a variety of pipe styles—each 
precast for faster installation at less cost—each designed to do a specific job better. 
A-M Concrete Products plants are strategically located throughout the country 
to assure quick delivery. Write for the name of the plant nearest you and ask for 
free literature on any of the products illustrated below. 


INNER CIRCLES, 


HI-HED, PIPE 


in congested 
areas 


LO-HED, PIPE 


Minimum depth of cut — 
affords increased 
cushion of cover 


Minimizes surface 
4%) excavations, makes 


salvaging of old 
ON sewers easier 


CONCRETE PIPE 


Strengths pretested 
to éliminate 
guesswork 
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The HEART of the Flexible 
“Automatic” SEWERODER 


@ Hardened Steel Drive Dogs, 
spaced between endless dual 
chains, provide controlled, non- 
slip power up to 4,000 lbs., no 
matter how greasy or muddy 
the rods may be. 

@ The Safety Overload Clutch 
protects pipe, rods, machine. 

Easily adjustable to relieve on 
predetermined overloads. 

@ The Footage Meter is syn- 
chronized with rod drive for Your “Flexible papresent- 
pin-point tool location. Its ac- tdiad will be glad to give 
curacy eliminates costly guess- ie: pacts and figures or 
work in locating broken pipe. 

Brochure. 


3786 DURANGO AVE., LOS ANGELES 34, CALIF. 
1005 SPENCERVILLE ROAD, LIMA, OHIO 
415 SOUTH ZANGS BLVD., DALLAS, TEXAS 
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IN THE MINIMUM SPACE Digg 
...FOR LOWER 
INSTALLED COST— 


\ 


..-YOU get highest 


performance and 


Greatest economy 


with INFILCO 


waste treatment 


equipment 


57443-A 


THE ONLY COMPANY Impartially offering equipment for ALL types of water and waste processing—coagulation, 
precipitation, sedimentation, flotation, filtration, ion exchange and biological treatment. 


AERO-ACCELATOR 
(TRADE MARK) 

activated sludge plant. 

Compact and efficient. 

c A high-rate, multi-purpose unit for rapid, 

ic. continuous biological oxidation and 

7 clarification; efficient and stable operation 

at high loads. 


CYCLATOR?® clarifier 


... for effective treatment of industrial 
waste waters where the concentration and 
dewatering of voluminous sludges are 
involved. Clarification by chemical and 
mechanical methods with solids recirculation 
in @ single compact unit. Three types of 
surface skimmers available for different 
applications. BULLETIN 850 


VORTI” Mixers 


Efficient vortex flow pattern, 

reduced power consumption. 

Provide turbulent agitation by controlled 

multi-directional circulation. For round, 

square or rectangular equalization, 

reaction or flocculation basins. Simple, 

trouble-free design; no underwater bearings. 
BULLETIN 700 


CLARIFIER-THICKENERS 


For simple clarification or 
thickening by sedimentation. 

Type WS for small diameters, Types BF or 
PDR for large diameters. Three types of 
surface skimmers available for different 
applications. Special designs for sludge 
thickening. BULLETIN 800/6000 


BULLETIN 6510 


SEDIFLOTOR® 


clarifiers enable both sedimentation 
and flotation in one compact unit 


Where space is limited and clarification a 
must, this air flotation unit is ideal for 
removal of both flotable materials and 
settleable solids. BULLETIN 6051 


CHEMICAL FEEDERS 


Full variety with many 
exclusive features available. 


Lime slakers, dry, solution and slurry-feed 
types, available for either constant or 
variable-rate operation. 


REQUEST INFORMATION 


INFILCO KNOWS HOW to help you control 
pollution, water reclamction and materials loss problems. 
No other line of waste treatment equipment is so 
complete as INFILCO’s-—none so advanced in method 
and design. There are many other units in addition 
to typical examples illustrated above. 

INFILCO engineers know how to help solve your 
waste-water disposal problems with knowledge gained 
from many years of specialized experience in 
industrial waste treatment. Write today for bulletins of 
interest to you. Inquiries are invited on all 
waste-water treatment problems. 
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“K&M” Asbestos-Cement Sewer Pipe helps you 


provide the best sewer service available . . . with 
tax savings that go on year after year. 


This thrifty pipe is infiltration-proof, even when 
external water pressure is 25 psi. Prevents your 
sewer system from reaching full capacity years 
ahead of schedule, due to water infiltration. 
“K&M” Asbestos-Cement Sewer Pipe, with ex- 
clusive, patented FLUID-TITE Coupling, forms 
a permanently tight seal. 


In planning your system, you can build on 
flatter grades with “K&M” Asbestos-Cement 
Sewer Pipe. Need fewer lift stations. The per- 
manently smooth bore of “K&M” Asbestos- 
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SEWER PIPE 


Cement Sewer Pipe has a Manning factor of 
n =0.010. Flow characteristics are excellent. Inspec- 
tions and treatment loads become less frequent. 


This thriftiness carries over into installation. 
Neither weather nor soil conditions need hold 
up work. The “K&M” FLUID-TITE Coupling 
slides on in just two easy steps. Longer pipe 
lengths minimize the number of joints. 


Write today for more detailed and illustrated 
information on hardy “K&M” Asbestos-Cement 
Sewer Pipe. Learn why thousands of progressive 
communities have turned to this durable quality 
pipe. Write to: Keasbey & Mattison Company, 
Ambler, Pa., Dept. P-550. 


son 
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“K&M" PLASTIC SEWER PIPE complements ““K&M" As- 
bestos-Cement Sewer Pipe in many sewer systems. Excel- 
lent flow characteristics and permanently tight joints. 
Write for Technical Bulletins on “K&M" High-impact 
Styrene-Alioy Sewer Pipe. Dept. P-550. 
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i 
; 
— 
4 icin quickly. No heavyweighi 
neéded. 


334a 


JOURNAL WPCF 


AT WORK 


How this company cuts oil to 
less than 10 ppm in waste waters 


You're looking at waste water being treated 
at International Harvester’s plant at Fort 
Wayne, Indiana. 

This water holds soluble and insoluble 
oils, alkaline cleaner fluids, mineral acids, 
corrosive salts and other contaminants. The 
quantities of these compounds vary from 
hour to hour, so the waste is sometimes pre- 
dominantly acidic, sometimes predominant- 
ly alkaline. 

Yet the single piece of equipment you 
see here, plus its accessories, takes this 
waste water and treats it so thoroughly it 
can be safely pumped into an open stream. 
Oil, for example, is reduced to less than 10 
ppm. If it were necessary, the oil could be 
reduced to less than 1 ppm by further 
treatment. 


How it is done 
The single unit that makes these results pos- 
sible is the Permutit Colloidair Separator. 
It uses a relatively low-cost “bubbling 
out” process to remove wastes. 
Air is forced into solution with the waste 


waters, under pressure. The mixture is then 
released to atmospheric pressure, causing 
the air to form millions of tiny bubbles, 
which collect around the solids and lift 
them to the surface of the tank, where they 
can be skimmed off and dumped into a 
disposal pit. 

The Colloidair Separator is effective for 
processing solutions containing — clays, 
greases, fibers, oils, paints, fats and many 
other suspended solids. 

If you would like to find out more about 
the economies and efficiency of the Per- 
mutit Colloidair system, send for a copy of 
our Bulletin 4511. 

Permutit Division, Dept. JWP-70, 50 
West 44th St., New York 36, N. Y. 


*FLUIDICS is the 
that 


equipment and experience in solving 


Pfaudler 


integrates 


Permutit 


program knowledge, 


problems involving fluids. 


A PFAUDLER PERMUTIT inc. 


Specialists in FLUIDICS...the science of fluid processes 


Low-cost FIBRE PIPE forms 


30” I.D. 


USE STRONG, 
CORROSION-PROOF 


PITCH-IMPREGNATED 


PIPE 


P.|. PIPE comes in 10’ lengths up to 36” 1.D.; 
straight line fibre couplings available with or with- 
out neoprene gaskets. Can be sawed, or drilled 
and tapped for special fittings. Steel fittings may 
be connected to P.|, PIPE with Dresser or other 
similar couplings. 


surge pond line 


Here, corrosion resistant P.I. Pipe was used to form the effluent line 
for a surge pond...the first stage of a paper mill waste disposal 
system. 

P.I. Pipe is a new Sonoco development—the only fibre pipe made in 
I.D’s to 36 inches! Because it is impervious to the action of strong 
chemicals and requires no mastic coating or special treatment, P.TI, 
Pipe is particularly valuable for industrial waste disposal systems. 
It combines this high corrosion resistance with great strength, light 
weight, and ease of installation ...to provide an excellent pipe for 
industrial venting and all types of gravity flow lines where the maxi- 
mum head does not exceed 20 feet. 


Strong, tough P.I. Pipe is composed of many layers of quality fibre, 
tightly bonded together and impregnated with liquefied coal tar pitch. 
In any diameter you order, the thickness of the pipe wall can be 
varied to meet specified crushing strength requirements. This means 
a better, more economical installation. 


Save labor, save replacements, save money... use low-cost Sonoco 
P.1, PIPE ...newest development in fibre pipe! 


For complete information and prices, write 


SONC CO 


SONOCO PRODUCTS COMPANY + HARTSVILLE, S. C. 


» 
aces H 


Owner: City of Cynthiana, Kentucky A 


Engineers: J. Stephen Watkins 
Consulting Engineers 
Lexington, Kentucky 


Design Flow: 24 hour average........ 0.9 MGD 


Lakeside Equipment: 2 — 28’-0' x 9° SWD Primary Spiraflos 
1 — 40’-0" x 9’ SWD Final Spiraflo 
1 — 72'-0" x 6’ Rock Aero-filter 


AERO-FILTERS: [he high rate filter with rain- 
drop-like application. Proven results based on the 
biologically accepted facts that proper feeding of a 
trickling filter will result in a consistently higher BOD 


removal per cubic yard of filter media. Added advan- 


be tages include . . . smaller diameter filter beds, less 
filter fly nuisance, higher hydraulic loadings, and 
lower recirculation ratios. Over 200 Aero-filters in 
operation. Write for Bulletin #116. 


— 
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WHEN CITIES PLAN INDUSTRIAL GROWTH 


it pays To specry CLAY PIPE 


SANTA PAULA, CALIFORNIA, already a bustling center of 
agricultural activity, is building to share in California’s phenomenal 
industrial growth. To accommodate new industry and meet the 
needs of a growing population, Santa Paula recently completed a 
bond-financed sewer expansion project, using Vitrified Clay Pipe 
exclusively. Over 6 miles of Vitrified Clay Pipe were installed. 

Like Santa Paula, growing communities everywhere need the 
permanence and safety that only Clay Pipe can provide. Clay Pipe 
is the only pipe that never wears out . . . does not rust, rot, corrode, 
or crumble. And with its new research-developed, factory-made 
joints, Clay Pipe is faster and easier to install than ever before. 

When your community plans new sewerage facilities, be sure to 
consider the exceptional advantages of Clay Pipe. Its exclusive 
long-term guarantee is your assurance of permanent, maintenance- 
free service. Only Clay Pipe has all the features you can trust 
to handle industrial growth. 


CITY OFFICIALS: James E. Leary, Mayor; Edwin C. Bixby, Ernest H. Oman, Ralph B. Crawford, 
Reece B. McCalister, Councilmen. 


CONSULTING ENGINEERS: J. M. Montgomery Engineering Co. CONTRACTOR: N. P. Van Valker burgh Co. 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 
1820 N St. N. W., Washington 6, D.C. 


1] High Long bide., 5 E. Long St., Columbus 15, Ohio ¢ 445 Ninth St., San Francisco 3, Calif 
Box 17°, darrington, Illinois « 140] Peachtree St., N. E., Atlanta 3, Georgia 
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DONT BE 
FOOLED BY 
INITIAL PIPE 
COSTS... 


Certain factors concerning 
the type of pipe to be used for 
a proposed water or gas proj- 
ect must be examined care- 
fully: 


First— how much does the 
pipe cost, compared to other 
types? 


Second — how often will it 
require repair? 


Third — how long before it 
has to be replaced? 


Sometimes the first cost of 
jobs where cast iron pipe is 
specified, is higher than simi- 
lar projects using cheaper 
pipe. Yet, in the long run, 
cast iron pipe costs less! 
Here’s why: 


@ Cast iron pipe rarely re- 
quires repairs. Its rugged 
construction, corrosion-resis- 
tant qualities and bottle-tight 
rubber-ring joints will with- 
stand the most severe pres- 
sures. 


@ Cast iron pipe is built to 
last—98 American cities will 
testify to that. They’ve had 
cast iron pipe installations in 
constant use for over a cen- 
tury! Once cast iron pipe is in 
the ground, it stays there! 


Don’t be fooled by “‘low- 
cost’’ pipe. Insist on the pipe 
that will actually save you 
money over a period of years. 


In Nebraska—Here a section of 
cast iron pipe is being relocated. 
Twenty-five years old, the pipe is 
still in excellent condition—has 
never required major repair... or 
replacement. 


Rely on CAST IRON PIPE 
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In Indiana (above)—‘‘All-weather’’ In Kansas (above)—36" cast iron water 
cast iron pipe is quicklyinstalled despite main, Another part of this main was floated 
wet trench conditions. Slip-on joints out of its trench by a heavy downpour. 
were easily assembled, with one work- Later-a 150 psitwater test revealed no babs 
man using a crowbar. in the slip-on joints! 


In Pennsylvania (below)— This 16” cast iron pipe is being installed as fast as the 
trench hoe can prepare the trench. Handy lengths and slip-on joints make cast 
iron pipe easy to handle, even in crowded neighborhood sectors; require less labor. 


& CAST IRON PIP 

"| THE MARK OF THE 100-YEAR PIPE 

Cast Iron Pipe Research Association, Thos. F. Wolfe 
Managing Director, 3440 Prudential Plaza, Chicago 1, Ill- 


SA 
4 


TOPS IN DEPENDABILITY AND SAFETY 


Concrete or steel under- 
ground station with Shone® 
Type S pneumatic ejector, 
controlled 
(warranted 25 years). Re- 
mote air supply. Nothing 


mechanically 


electrical; maintenance free; 


operates even under water. 
For municipalities and large 
subdivisions. 
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Which sewage lift station is best for your job? 


SUPRISINGLY VERSATILE, INEXPENSIVE 


Shone® Type SAC station, 
underground in concrete 
vault. Mechanically con- 
trolled ejector (warranted 
25 years) has its own com- 
pressor. Frequently less 
costly than package stations. 


Finds use everywhere. 


STATION 


Quality underground station 


with vertical, short-coupled 


f (Series 6260), dry pit cen- 
trifugal pumps. Quality de- 


sign and equipment give 


good service life at nominal 


cost. For small permanent 


stations, growing areas 


| 
IIIT IIIT IL / 


Two-compartment steel 
basin with centrifugal ver- 
tical wet pit pump. Pumps 
are not submerged; motors 
protected from flooding. Low 
first cost; fast installation. 
For buildings, small grow- 


ing subdivisions. 


PACKAGE DESIGN 


Package underground station 
with Expelsor® pneumatic 
ejector, electrode controlled 
Sanitary and dependable, 


low maintenance, easy to 


service. Recommended for 


municipal and subdivision 


applications 


Y Sf, 
Y, 
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BUILDING TYPE STATION 


| 


SSSSANS 


Expelsor® pneumatic ejec- 
tor station designed for use 
in buildings. Compressor is 
on basement floor; ejector 
on floor below. Sealed in- 
Stallation gives safe, odor- 
less handling of sewage in- 
doors. 


SPECIAL PROBLEMS? 


Centrifugal vertical wet pit 


ips with adjoining set- 


tling basin. Good for areas 


where sand or old sewers 


create problems. Special 


pump construction for abra 


sive or corrosive conditions 


industrial wastes 


The answer depends on the job. Is it to be a tem- 
porary station? What about future loads? How much 


maintenance will it get? What type of power is avail- 


able? These and many other questions must be weighed 
carefully and with bias. In making the decision, 
why not put Yeomans 61 years’ experience (59 on 
underground stations alone) to work? Because Yeomans 
builds the onl omplete line of sewage lift stations in 


the industry, recommendations are impartial and in 
your best interest. Phone, wire, or write now 


MAXIMUM RELIABILITY—MINIMUM SPACE 


YEOM 


1999-7 N. Ruby St., Melrose Park, Ill. 


SPECIALISTS IN SEWAGE LIFT STATIONS—THE COMPLETE LINE 


Package underground 
tion. Expelsor® pneumatic 
ejector has two compart- 
ments, duplex compressors 
and controls. Excellent serv- 
ice accessibility. Especially 
suited for subdivision and 


municipal lift stations. 


we | PACKAGE LOW FIRST COST—EASY INSTALLATION 
4 
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“Hey, Hartley— 
it’s the white pipe again. 


The infiltration can’t be 
in this line!” 


You can thank Johns-Manville’s patented Ring-Tite® 
Joint which cuts ground water infiltration to a mini- 
mum. It’s exclusive on Transite®, the white sewer pipe. 

On a recent sewer project, specifications called for 
an extremely exacting infiltration test. What was the 
outcome? At final inspection, infiltration in the Tran- 
site line was 80°: less than specification. What does 
this mean? Important savings! Volume of sewage to 
be treated is kept to a minimum .. . treatment plant 
operates as designed. The plant’s reserve is conserved 
for future service. 

Transite, made of tough, durable asbestos and 
cement, with its tight joints, offers many other sav- 
ings. The long, light-weight lengths and sure coupling 
methods reduce trenching and installation costs. Tran- 
site’s low coefficient of friction means faster flow and 
shallower trenches. Preventive maintenance with 
Transite will save you thousands of dollars. 

Take it from Hartley—Transite can provide impor- 
taunt economies in all sewer projects. Get all the details 
on Transite, the white sewer pipe. Send for your facts 
and data book today! Write Johns-Manville, Box 14, 
JW-7, New York 16, N. Y. In Canada: Port Credit, 
Ontario. 


JOHNS-MANVILLE 


TRANSITE 


PIPE 
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Rodney Hunt gates of tough Everdur withstand 
bleach-plant acid and pulp-mill wastes — 


waste-treatment plants in the paper industry at the Coving- 
tverdur was specified for mixing-chamber gates to 
wastes. 


Resists corrosion. Sewage treatment and 
waterworks equipment of Everdur* has 
been in service without replacement for 20 
years and longer. 


Toughness. Everdur also possesses high 
strength and resistance to wear and abrasion 


—so that engineers can use lighter weight 
wrought material in their designs. 

Readily fabricated. Alloys of Everdur are 
available for hot or cold working, welding, 
free machining, forging and casting — and 
can be obtained in plates, sheets, rods, bars, 
angles, channels, tees, I-beams, wire, tubes, 
electrical conduit and casting ingots. 

Write for Publication E-11, “Everdur Cop- 
per-Silicon Alloys for Sewage Treatment and 
Waterworks Equipment” — or for technical 
One of at f mis ymber gates fab help in selecting the correct material for your 
ricated of Everdur, each 48” wide 4 job, Address: The American Brass Company, 
high. The é heet verdur, reir Waterbury 20, Conn. In Canada: Anaconda 


American Brass Limited, New Toronto, Ont. 
*Reg. t S. Pat. Of 57131 


EVERD Anaconda’s family of Copper-Silicon Alloys 


MADE BY THE AMERICAN BRASS COMPANY 
STRONG - WORKABLE - WELDABLE - CORROSION-RESISTANT 
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Running coagulation tests in 
General Chemical’s Technical 
Service Laboratory to deter- 
mine alum dosage necessary 
for a water treatment problem. 


in. GENERAL 


CHEMICAL ALUIA 


Another difference is TECHNICAL SERVICE 


As the country’s primary producer of 
aluminum sulfate, General Chemical 
constantly helps customers solve 
technical problems involving the use 
of alum. Results? Improved efficiency 
and reduced operating costs for them. 
Here are some of the services our 
Technical Service Department offers: 


e Supplying basic information help- 
ful in planning design and installa- 
tion of storing, pumping, metering 
and feeding facilities. 

e Suggesting improvements to elim- 
inate existing storing and handling 
problems. 

e Providing chemists and operators 
with physical and chemical data nec- 
essary for the most effective use of 
alum. 


Basic to 
America's Progress 


e Assisting in laboratory tests and 
plant trials. 


e Running check analyses in our own 
laboratories. 


In water and sewage plants, our 
specialists provide valuable help and 
uidance on storage, handling and 
eeding problems, as well as the im- 
portant conversion from dry to liquid 
alum. They can help plant operators 
establish the best alum dosage. They 
recommend coagulation aids to im- 
prove flocculation in difficult water or 
waste treatment conditions. 


This kind of Technical Service is 
one of the reasons why General Chem- 
ical is a good company to do business 
with for your plant’s aluminum sulfate 
requirements. We will welcome the 
opportunity to serve you. 


GENERAL CHEMICAL DIVISION 


40 Rector Street, New York 6, N. Y. 
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Attractive, Corrosion-Resistant Glazed-Tile 
Effluent and Water Treatment Tanks 


Exacting Design = 
Meticulous Workmanship. 


As the final step of construction, 
Stebbins workmen carefully wash 
down the exterior of the tanks 
with acid. 


In this view of tank floors under con- 
struction, note the clean, smooth 
joints — the mark of good workman- 
ship. Note the variety of tile shapes. 
Horizontal and vertical steel rein- 
forcing is shown in the walls which 
will be solidly filled with concrete as 
work progresses. 


Complete Service — 
| Design, Installation, Maintenance 
WRITE FOR BULLETIN AET-59 


: 

4 

d 
SEMCO 
et | Specialists in Design, Installation and Servicing of Linings and Tile To bia 


we DIVIDE to MULTIPLY 


flow to MULTIPLY clarif 


Rex Verti-Flo not only increases the clarifying 
capacity of tanks up to four times; it provides a far 
clearer effluent. The savings in equipment and 
construction costs are obvious. Here’s how Verti- 
Flo does it: The unique design of Rex Verti-Flo 
Clarifier transforms the conventional horizontal- 
flow tank into a vertical-flow tank...utilizing the 
full volume of the tank and minimizing short-circuit- 
ing. This is accomplished by a system of collecting 
troughs, weirs and partitioning baffles which divide 


small, vertical-flow cells. To assure maximum flow 
length and control, the weirs are adjustable en- 
tirely around the periphery of each cell, 


the large, horizontal settling zone into a series of 


ier capacity 


Installed in existing tanks, Verti-Flo can be at 
least double the capacity of the tank...in new 
installations, Verti-Flo provides up to four times 
more capacity so that smaller basins can be used 
with considerable savings in both equipment and 
construction costs. 

For information, write CHAIN Belt Company, 
4606 W. Greenfield Ave., Milwaukee 1, Wis. 


CHAIN BELT COMPANY 


y 
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: 
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on neclangular tanks... 


Hardinge can handle your sewage or waste clarifying problems whether your design 
calls for circular clarifiers as shown above (on final sewage clarification) or... 


rectangular construction, as shown here (on primary sewage clarification). Sludg 
thickeners and digesters are also offered by Hardinge. (Bulletin 35-D-16) 


NEW YORK 
TORONTO 
CHICAGO 
HIBBING 
SALT LAKE CITY 
SAN FRANCISCO 
HOUSTON 
LAKELAND 
BIRMINGHAM 
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Why Trickling Filters Succeed 
for SEWAGE and WASTES TREATMENT 


Nearly 1,000 new trickling filters went into 
service between 1945 and 1957. The building- 
pace continues unabated. This is a direct re- 
flection of their economy in construction and 


finn efficiency in operation. For many of these 
Netco Corporation filters are working as well today as when first 


built, even those thirty and more years old. 
Costly remodeling and rebuilding have been 
avoided. And no other type is easier to add to 
if growth exceeds your original estimate. 


An important element in this success has been 
Z the vitrified clay underdrain blocks in the floors. 
TRANSLOT Clay leads the field in its resistance to corrosive 
“Sao = factors such as acids, alkalis and bacteriologi- 
cal action. TFFI Specification clay blocks not 
only serve right, they are made right—in mod- 
ern plants under manufacturing controls of 
quality that substitute materials cannot even 
approach. (Only with TFFI blocks do you get 
a 50-Year Guarantee.) 


ARMCRE ENGINEERS: 


Ayer-McCorel Clay Co., Inc. 
Brazil, Ind. 


lf you have not received yours, write nearest 
member of this Institute for the new TFFI 
Trickling Filter Handbook containing also the 
new approved ASTM Specifications C 159-59T 
for your use in designing trickling filters. 


TRICKLING FILTER 
FLOOR INSTITUTE 


Bowerston Shale Co. 
Bowerston, Ohio 


POMONA TRANSLOT DICKEY 


Pomene Terra-Cotta Co. Texas Vitrified Pipe Co. W. S. Dickey Cley Mfg. Co, 
Pemone, Ne. Cor. Mineral Wells, Texos Kansos City 6, Mo. 
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DEGRITTING pays off at 
High Point Treatment Plant, N. C. 


Operating in combination with a 16’ dia. Dorr Detritor®, a 12” 
dia. DorrClone washes 190 gpm of grit from the collecting tank 
underflow at North Carolina’s High Point Sewage Treatment 
Plant. DorrClone degritting reduces subsequent treatment loads, 
improves overall capacity and efficiency. Equipment is simple, 
compact and has no moving parts. Plan above shows a typical 
installation. For more information, write Dorr-Oliver Incorpo- 
rated, Stamford, Connecticut. 


Consulting Engineer: Wm. F. Freeman Inc., High Point, N. C 
Contractor: F. L. Showalter, Inc., Lynchburg, Va. 


WORLD-WIDE RESEARCH * ENGINEERING * EQUIPMENT 
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1959 Literature Review 


A REVIEW OF THE LITERATURE OF 1959 ON 


WASTEWATER AND WATER POLLUTION 


CONTROL 


By Hl. Heukecekian, Chairman, R. M. MANGANELLI, Vice-Chairman, E. J. Bera, 


CLARK, C. 


Il. ConneLL, W. E. Dopprys, G. P. Epwarps, M. B. 


Errincer, D. G. Foutke, T. Furman, I. GetumMan, H. Harpine, 
C, Henperson, R. D. Hoax, P. E. Garrney, W. M. Ineram, P. W. 
Kapsier, M. Karz, F. W. Kirrrevy, N. J. Larprert, H. G. Luney, 

P. Hi. McGauury, W. A. Moore, N. L. Nemerow, R. Pores, 

E. R. Rorn, A. J. Srerren, C. Straus, C. M. Tarzwe 

W. W. Towne, H. A. Tresier, E. C. Tstvoeiou, 


pollution. 


E. WEISBERG, AND R. L. Woopwarp 


Research Committee, Water Pollution Control Federation 


This last of three sections of the Literature Review covers water 
The first section, dealing with analytical methods and 


sewage, was published in the May 1960 issue of THIs JOURNAL. 


The second section, on industrial wastes (including radioactivity), | 
appeared in the June 1960 issue of THIs JOURNAL. 


WATER POLLUTION 


Biology 
Pollution Surveys and Investigations 


Biological investigations of Ham- 
burg Harbor by Caspers (50) reveal 
that completely depopulated areas oc- 
cur in spite of the exchange of water 
due to tidal action. Where there is 
sedimentation of nutrient matter and 
sufficient current to and 
provide oxygen, there are large popu- 
lations of tubificids. Formerly there 
were large populations of animals in 
the shallows below Hamburg but now 
all life is destroyed. Even the algae 


remove oil 


have disappeared. 


It is believed that 
oil and tar are chiefly responsible and 
that improvement can be obtained only 
by preventing the discharge of wastes 
into the harbor district. 


681 


At the present time according to 
MacLeod (147), water pollution is not 
widespread in British Columbia be- 
cause of concentration of population 
and industry on the coast and large 
rivers, the small total population, and 
the undeveloped economy. Problems 
do exist in certain coastal areas. There 
has been contamination of oysters and 
other shellfish in Vancouver Harbor 
and there is pollution in the north arm 
of the Fraser River. Potential sources 
of industrial wastes are mining, wood 
industries, food processing plants, and 
petroleum refineries. Efforts are made 
to prevent the addition of pollutants 
to salmon streams which are of great 
value to the area. The oil refinery on 
the Thompson River (which has a $12- 
million sockeye run), treats its wastes” 


before discharging 


The char 
acter of the wastes must be such as to 
maintain the river at plIl 6.7 to 8.6. 


them. 


In the past, salmon cannery wastes 
were harmful, but these materials are 
now being used for mink food. Sur 
veys by Beak (32) have also been made 
in Ontario to determine the effects of 
wastes from industries in the Sarnia 
area. In these studies stress has been 
placed on the macro-invertebrates as 
indicators of environmental conditions. 
These organisms were classified into 
four groups and the relative abundance 
of organisms in each group was used 
as an indicator. 

During recent years several surveys 
have been made to determine pollu- 
tional conditions in New Zealand (230). 
The Manawatu is polluted with sewage 
from several towns. An investigation 
was made of tidal influence on the 
composition of the water in an estuary 
having a narrow outlet to the sea. It 
was found that samples taken at low 
water levels gave the most informa- 
tion. 

An extensive survey has been made 
(95) (96) (97) (98) of the Great Berg 
River in the Western Cape Provinee, 
South Africa. Physical and chemieal 
conditions and the flora and fauna 
were studied by Harrison and Ells- 
worth (97 Quantitative studies were 
made of the bottom fauna of the main 
river and three tributaries by Har- 
rison (98 Special attention was de- 
voted by Scott (195) to the chironomids 
and 83 species were found in the river. 
Studies by Harrison (95) were also 
made of the effects of various degrees 
of organic pollution on the biota of the 
Great Berg and other streams. 

A survey carried out in Czecho- 
slovakia by Kubelka (128) indicated 
that industrial pollution is 20 to 50 
times more severe than that from eity 
sewage systems. Studies were carried 
out on Fure Lake, Denmark (17), to 
ascertain if changes had oecurred since 
the surveys of 1900-1912. It was eon- 
cluded that owing to increased sewage 
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effluents the lake has become more 
eutrophic. It is pointed out that fur 
ther changes in Fure Lake and other 
similar lakes will take place the 
population increases even though the 
sewage receives conventional treatment 
at sewage works. A limnological study 
(191) was made of Vienna’s water 
supply to determine if certain springs 
were being contaminated by surface 
waters. <A study of the biota of the 
springs disclosed species characteristic 
of surface waters and thus indicated 
that surface water was contaminating 
the spring water. 

The Freshwater Biological Associa- 
tion of Great Britain has carried on 
pollution work for a number of years. 
They are concerned with investigations 
of organic enrichment, natural puri- 
fication, the effects of agricultural 
drainage on algal growths, and on the 
oxidation of bottom deposits (12 
Work has been done on the rate of 
oxygen production by an aquatic plant 
at different light intensities and on 
methods for determining algal growth 
(13). 

A Clean Streams Committee was 
formed in Cook County, Illinois, to 
locate sources of pollution and to work 
for their elimination. Birdsall (36 
reports that most of the fish kills have 
been due to oxygen depletion. A study 
was made by Seabloom (196) of water 
quality characteristics in the Wenat- 
chee River Basin to provide the basis 
for determining the effects of impound- 
ment on water quality. It was found 
that the water was soft, well oxy- 
genated, and in excellent condition. 
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Upper 
Fish. 


, Marine 
Works, 


and Sewage 


Rivers in 


Fish Kills 


A severe fish mortality in Port Al- 
berni Harbor, British Columbia, was 
found to be caused by dredging op- 
erations which released H.S from an 
old deposit of cedar bark at the site of 
an old shingle mill (108). During 
1958, 3 fish kills oceurred in the Ruhr 
and 11 in tributaries. At least two of 
the kills were due to oil. It is be- 
lieved that conditions in the Ruhr are 
improving (16). 


Environmental Requirements for 
Aquatic Life 


Settleable Solids 


In considering the effects of the dis- 
charge of wastewaters to rivers with- 
out sedimentation, Peneden (34) states 
that very often the condition of the 
river bed is overlooked. Attention is 
directed to the supernatant water 
whereas the suspended material and 
the sediment accumulated on the bot- 
tom are often more harmful. The dis- 
charge of sludges can have far reach- 


ing effects. Highway construction can 


be very detrimental to streams, accord- 
ing to 


Whitney and Bailey (227). 
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The removal of ground cover, the dig- 
ging of cuts with resultant erosion, 
and building of the road up the valley 
without regard to the stream ean re 
sult in the almost complete destruction 
of biological and aesthetic values. Fish 
population studies made in Flint Creek, 
Montana, before and after road con- 
struction showed that after construe- 
tion there was a 94-per cent reduction 
in the number of large fish; an 85-per 
cent reduction in the number of small 
game fish; and a 76-per cent reduction 
in weight. 


Turbidity and Light 


Lackey (133) reports that silt ex- 
ercises a restrictive effect on plankton 
algae, especially the Chlorococcales, 
Euglenophyceae, Cryptophyceae, and 
the blue-green and filamentous green 
algae. Certain Volvocales, Chryso- 
phyceae, ciliates, and colorless flagel- 
lates are more resistant. It also re- 
stricts Charales, Utricularia, Potamoge- 
ton, crustaceans, snails, insect larvae, 
and fishes. In the White River of In- 
diana, at a turbidity of 33 mg/l, there 
were 67,459 plankters per ml, but at 
115 mg/l, only 188 were found. Labo- 
ratory studies indicate that silt car- 
ries the plankton down and buries it. 
Fine sand of 74 to 140 » carried down 
20 Euglena for every 3 left; muck 
earried down 51 of 83; whereas elay 
carried down all but 1 out of 530 per 
ml. 

The effects of wave length, energy, 
temperature, the distribution of radi- 
ant energy, and absorption and _ scat- 
tering on photosynthetic productivity 
are discussed by Strickland (204). A 
three-year study by Burrows (47) of 
the effects of light on the sexual matu- 
ration of adult blueback salmon re- 
vealed that the periodicity of light in- 
fluences spawning time and may be 


a prime factor. The control salmon 


spawned at essentially the same time 
each year though the temperature was 
2.5°F lower in 1955 than in 1956 and 
Salmon 


1957. exposed to artificial 
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light spawned at 
lower in 


temperatures 5°F 
1955, and 2°F higher in 1956 
and 1957, as compared to temperatures 
for the controls The various species 
of fishes react to light differently dur 
ing their development and during the 


seasons of the year (177 


Dissolved Solids 


Ilouston (109) studied the responses 
of juvenile chum and pink salmon fry 
and coho fry and smolts to sharp sea 
water gradients in tanks. Fresh water 
control experiments indicated the pres- 
ence of factors which 
preferences for 


some tactor or 
resulted in 
nized’’ areas. Studies were made by 
Herbert and Mann (103 
the roach 
sudden 


recog 


to determine 
perch to 
in salinity. Perch 
could withstand about 45 per cent sea 


tolerance of and 


inereases 


water for several days, whereas roach 
could tolerate only about 30 per cent. 
Field 


Chipman (53 


observations were made by 
on a pond which re- 
ceived brine water from oil operations. 
The fish could not escape and counts of 
dead fish made over a 7-day pe- 
riod. The fish killed by the high salt 


content freshwater origin. In 


were 


were of 
studies with oil field brines carried out 
in Arkansas by Wood (232), it was 
found that the 24-hr TL,, for bluegills 
varied from 10,500 to 8,100 mg/l total 
chlorides, depending on the formation 
from which the brine came. Tolerance 
was greatly reduced as the period of 
exposure was increased. Calcium chlo- 
ride was more toxie than NaCl and an 
equal mixture of the two salts was less 
toxic than either individually. Mayfly 
nymphs had a 24-hr tolerance limit of 
10,000 mg/l chlorides which dropped 
to 3,600 mg/l at 72 hr. 
Tueker (214) studied 
tion of some 


the distribu- 
freshwater invertebrates 
relation to the annual 
fluctuations in the chemical composi- 
tion of the water. He found that fewer 
species oecurred in 


in ponds in 


small soft water 
ponds than in the larger hard water 


ponds. 
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Te mperature 


and in- 
volved effects on aquatie life, as re 


diverse 


has 


Temperature 


ported by La Berge (132 Kor most 
organisms there are optimum, toler 
able, and critical temperature levels. 


Temperature alfects oxygen require- 
ments, metabolism, the speed of action 
of toxic materials, and the speed of 
self-purification Unfavorable tem- 
peratures, as opposed to lethal tem- 
peratures, may cause a species to dis- 
appear due to the fierce competition 
existing among 
tion. Ferguson 
of thermal 
range of 


the stream’s popula- 
(80) reports the level 
acclimation influences the 
temperature preferred. In 
general the preferred temperature is 
much higher than the acclimation tem- 
perature at thermal acclimations 
but this difference decreases up to the 
final preferendum when both coincide. 
The final preferendum of yellow perch 
was 24.2°C. field 
tions of yellow perch in Lake Nipis- 
sing, Costello Lake, and Opeongo Lake 
in Ontario 


low 


Summer observa- 


showed average thermal 


distribution at 19.7, 21, and 21.2°C, 
respectively. This agrees well with 
20.8°C, observed for four Wisconsin 
lakes. Studies by Garside and Tait 


(87) showed that in most species of 
fish, the selected or preferred tempera- 
ture is directly related to 
acclimatization temperature. However, 
with the rainbow trout the preferred 
temperature 


increasing 


with increase 
temperature. The 
modal preferred temperatures of trout 
acclimatized to 5, 10, 15, and 20°C, 
photographically to 


decreased 


in acclimatization 


were determined 
be 16, 15, 13, and 11°C 


Laboratory experiments by 


, respectively. 

Dickie 
(72) show that seallops living in water 
between 5 and 20°C may be killed by 
temperatures of 21 to 23°C. Seallop 
mobility is markedly reduced by sud- 
While ac- 
climation to rising temperature is rela- 


den temperature changes. 


tively rapid (2 or 3 days) adjustment 


to reduced temperature is exceedingly 


i 
| 
5 
“4 
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slow (over 2 months). 
carried out on the temperature toler- 
anee of eggs and young of whitefish 
from the Columbia River, it was found 
that mortality increased with inerease 


In experiments 


(14). In 
independent 


in temperature 


stage of 


the initial 
nutrition the 
young of the Ladogian salmon showed 
faster growth and greater utilization 
of food at 7 to 8°C, and the young of 
the rainbow trout at 14 to 18°C (152). 
For the young of the Ladogian salmon 
at the age of 60 days, 15°C was optimal 
for growth. 

In studies to determine the cruising 
speed of underyearling and yearling 
sockeye and coho salmon, acclimated 
to various temperatures, Brett et al. 
(42) found that the optimum tempera- 
ture for sockeye was 15°C and for 
coho, 20°C. Maximum sustained swim- 
ming levels fell mainly between 1.0 
and 1.5 fps. Exercised young coho 
showed improved performance over 
those raised in standard hatchery 
troughs. Aquatic, gill-breathing verte- 
brates cannot from environ- 
mental temperatures (43). Tissue and 
environmental temperatures are con- 
stantly equilibrated at the gill surfaces 
and an external temperature best suited 
to the internal tissues is essential for 


escape 


the general well being of the organism. 
In studies to determine the effects of 
temperature on the formation of verte- 
brae and fin rays in young chinook 
salmon, (197) found that 
there were no survivals to the stage 
where vertebrae or fin rays could be 
eounted for lots reared at tempera- 
tures below 39°F or above 62°F. 

In experiments to determine the ef- 
fects of temperature on the lethal dose 
and the progress of the toxic action of 
certain chlorinated 


Seymour 


in- 
found that tem- 
effect on the ab 
but a decrease in 


hydrocarbon 
secticides, Adlung (2) 
had little 
lethal dose 
temperature delayed the progress of 
the 


perature 
solute 
action. 


toxic The critical period 


after which damage done to the fish 
was not reversible on transfer to clean 
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water was 25 times as long at 4 and 
11°C as at 19°C. 

Studies have been made by Vliet 
(218) of the effects of heated con- 
denser discharge water on the aquatic 
life of the Delaware River. It was 
found that large numbers of fish were 
attracted to the warm water zone in 
winter and fishing was exceptionally 
good in this area. During the summer 
months as the water became progres- 
sively warmer fish left the heated water 
area. Certain blue-green algae and 
chironomids appeared to be stimulated 
by the hot waters but most of the 
larger aquatic insects were inhibited. 


Oxygen and CO, 


In studies of a prairie lake by Moyle 
and Clothier (159) it was concluded 
that walleyes and perhaps channel 
catfish and bluegills did not survive as 
well at winter oxygen levels below 5 
ppm as above this level. Northern 
pike, erappies, and rough fish were 
more tolerant and evidently survived 
when winter DO levels fell to near 1 
ppm. Observations by Barber (27) 
on the DO content in the deeper waters 
of Queen Charlotte Sound, British 
Columbia, showed that concentrations 
of less than 2 mg/l oceurred in the 
summer. It is considered that these 


levels are lethal to the loeal fresh- 
water fishes. 
(31) measured oxygen con- 


sumption at a steady rate of activity 
for the brook trout, common sucker, 
brown bullhead, carp, and goldfish in 
the presence of various combinations of 
oxygen and CO». The sensitivity to 
CO. deereases with increasing acelima- 
tion temperature. The oxygen con- 
centration determines the level of ae- 
tive oxygen consumption in the absence 
of When the oxygen conecentra- 
tion approaches the lower lethal limit, 
the effects of the addition of COs are 
enhanced. In experiments performed 
in the fall by Davison ef al. (70), mini- 
mum oxygen concentrations tolerated 
for one day by juvenile coho salmon 


ii 
: 


686 JOURNAL WPCF 


changed little with temperatures be- 
tween 12 and 20°C, but increased 
markedly at higher temperatures. At 
a constant temperature of 20°C they 
tolerated for a day oxygen concentra- 
tions below 2 mg/l but above 1 mg/l. 
Yearling coho salmon tested in winter 
lived for 30 days at temperatures near 
18°C and oxygen concentrations aver- 
aging 2 mg/l but were sluggish, con- 
sumed little food, and lost weight. At 
concentrations of 2.9 mg/] the fish fed 
well and gained weight but were prob- 
ably adversely affected. 

With a rapid reduction of oxygen 
content in the water the gaseous ex- 
change of the fry and young of the 
sturgeon (Acipenser guidenstadti and 
A. stellatus) was maintained at a con- 
stant level down to 3 mg/l, after which 
there was a sharp reduction in gas 
Growth, food econ- 
sumption, and food coefficient were 
changed at a higher level of DO. The 
young can adapt to a lowering of the 


exchange (145 


DO level over considerable periods. 
The respiratory intensity of fishes 
varies with age. In a study of the in- 
tensity of respiration in pike during 
the first year of life, it was found that 
the respiratory intensity increased 
rapidly at the start of growth and 
then decreased (198 In young pike 
of 7 to 8 mm, the respiratory intensity 
equalled 0.8 mg O. per g of dry weight 
per hr. It reached 1.9 mg Os in the 
young during increased activity. The 
greatest respiratory intensity was in 
17- to 18-mm long pike—10 mg Os per 
g per hr. At a length of 60 to 70 mm 
the rate had decreased to 2 mg Os per g 
dry weight and at a length of 300 to 
600 mm had decreased to 0.4 to 0.8 
mg Oso per g of dry weight. The oxy- 
gen consumption of milk fish Chanos 
chanos was measured by Job (114) 
with fish ranging in weight from 0.7 
to 11 2 at temperatures of 25 and 29°C 
and at oxygen tensions of 300 mm Ile 
down to almost asphyxial levels. The 
critical tension of oxygen at which 
uptake of the gas became dependent on 
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the available oxygen was near the air 
saturation level at the acclimation tem- 
perature of 29°C. Studies were made 
by Allan ef al. (11) on fish kept in the 
undiluted effluent from a sewage treat- 
ment plant. Results showed that mor 
tality was due mainly to low oxygen 
concentrations and that free CO» ap- 
preciably inereased the sensitivity of 
fish to low oxygen levels. 

Tests were made by Katz et al. (116 
to determine the ability of certain spe- 
cies of fish to swim against currents of 
0.8 and 1.2 fps for a period of 2 days 
at different DO levels. The ability of 
the juvenile chinook salmon to swim 
against these currents is dependent on 
their size. Only those over 50 mm 
long were able to swim for a day 
against a current of 1.2 fps even when 
the DO was near the saturation level. 
At DO levels of 3 mg/l juvenile 
chinook salmon could swim for a day 
against a current of O.8 fps. In all 
tests at DO concentrations less than 
2.84 mg/l only some fish were able to 
swim for a day. At oxygen levels be- 
tween 2.0 and 2.7 mg/l, some of the 
juvenile ecohos were able to swim 
against a current of 0.8 fps for two 
days. In September, largemouth bass 
were able to swim against a current of 
0.8 fps for one day at 25°C in water 
having a mean DO content of 2 mg/l. 
In December, at 15.5 to 17°C, they 
could swim against the 0.8-fps current 
when DO was near saturation, but 
they were unable to do so when the DO 
was reduced to 5 mg/l. Studies by 
Itazawa (111) of the relation of the 
gas content of the blood of carp to that 
of the water revealed that the oxygen 
content of arterial blood increased with 
oxygen tension up to about 80 mm of 
He, and ranged between 0 and 9.54 per 
cent by volume. When the oxygen 
content of the arterial blood decreased 
to less than 2 per cent by volume the 
carp showed symptoms of dyspnoea ; 
this corresponds to an oxygen tension 
of about 15 mm of Hg. 

Studies of the mortality of spawn 


: 
4 
: 
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and fry of carp during transportation 
indicated that spawn could stand a con- 
centration of 20 mg/l COs, 2.5 mg/I 
free NH», and 15 dissolved 
in the form of salts (187). 

In laboratory experiments’ with 
Daphnia obtusa the mean oxygen con- 
sumption at 15°C was 4.05 = 0.20 pg 
per individual per 24 hr (219). A 
direct relation was found between oxy- 
gen consumption and the temperature 
of the water. As reported by Lumbye 
(146) the oxygen consumption of the 
molluses, Theodorus fluviatilis and Pota- 
mopygus jenkinsi are decreased as the 
DO The former species 
shows increased oxygen consumption 


decreased. 


with increase in temperature up to 
29°C in fresh water and up to 35°C in 
brackish water. Further increases in 


temperature result in a sharp drop in 
oxygen consumption. The oxygen con- 
sumption of the prawn, Metapenaeus 
monoceros, increases with a decrease in 
salinity below that of the normal habi- 
tat (179). Mann (149) states that in 
summer, leeches can become acclima- 
tized to DO levels down to one-third 
air saturation but this acclimatization 
not After a 
meal the oxygen consumption increases 
threefold. Experiments by Edwards 
(75) with Chironomus riparius indi- 


does occur in winter. 


cated that the rate of oxygen consump- 
tion was greater at 20 than at 10°C. 
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the use of 


is possible to take 


of toxicity problems. By 
bio-assays it into 
consideration and evaluate water qual 
ity characteristics which influence the 
toxicity of a waste. The term 
bio-assay indicates the concentration of 
a waste which will kill half the test fish 
in a specific time. 


short 


Since the aim is not 
to save just half the fish but to make 
for all the fish under 
conditions of continuous exposure, it is 


conditions safe 


necessary to apply an application fae- 
tor to the TL 
short term tests 


values obtained in the 
(209 

have made 
bio-assays with 60 chemicals to deter- 
mine the amount of each which will 
kill all the fish, half the fish, and the 
amount tolerated by the fish for 
riods of 1 to 96 hr. 


Clemens and Sneed (57 


pe- 


Bio-assay Me th ods 


Hermann (15) has developed a bio- 
determining the 
through the 


use of bacteria, grown on a standard 


assay procedure for 


toxicity of wastewaters 
medium, as the test organism. Forty- 
eight hour brine shrimp have been 
successfully used as test organisms in 
bio-assays to indieate the toxicity of 
wastes (169 Tests for 24 
hr at 20°C. also used 
the brine shrimp as a test organism for 


are run 


Tarpley (208) 


bio assays to determine insecticide resi- 
dues. Methods were developed for the 
rearing of the animals so they would 
Rock salt at a 
concentration of 3.5 per cent was used. 
Boyd 4()) 
used Daphnia magna as the test or- 
of a number 
On the basis 
was concluded that 
Daphnia magna can serve as a satis 


give consistent results. 


Tests were run at 27.5°C. 
ganism in the bio-assay 


of organie insecticides 


of these studies it 


factory test organism for the bio ASSAY 
Bio 


of micro amounts of insecticide 


assays wert Schiffinan 
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run by 


on young kelp blades in 
fresh filtered 
sea water as a dilution water. Oxygen 
out of the 


fronds was used as a measure of dam- 


fallon wlass using 


jars 


disks eut 


production of 
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age by the toxic material. Oxygen was 
This test 
was found to show damage before any 
physical evident. The 
authors believe there is a possibility 


determined manometrically. 


damage was 
of using physiological damage rather 
than mortality as an endpoint in bio 
assays to evaluate the effects of wastes 
While the 24-hr TL,, of 
KeCrO, to rainbow trout adults was 
about 100 mg/l Cr, only 20 mg/l Cr 
raised the hematocrit of both splenee- 
tonized intact fish. 
fish to 2 to 4 mg/1 Cr raised the hema 


on fishes. 


and Exposure of 


tocrit to its maximum value. Weiss 
(225) employed the in vivo inactiva- 


tion of fish brain acetylcholinesterase 
to demonstrate the presence of low con- 
centrations of organie phosphorus in 
He found that the in vivo 
inhibition of acetylcholinesterase by 
the phosphorus 
was a function of concentration of the 


secticides. 


organic insecticides 
insecticide, the extent of exposure, and 
the specifie chemical nature of the in- 
hibiting substance. It was shown that 
the specifie in vivo response of acetyl- 


cholinesterase to low eonecentrations of 


organic phosphorus inseeticides per- 
mits the assay of eurrent as well as 
past pollution by these materials. Weiss 


(224 
most sensitive species concentrations as 
low as 0.1 mg/l may be detected with 
12- to 24-hr 
such as parathion, diazinon, and del- 
marked inhibition of 
enzyme activity in as little as 6 hr in 


also found that by utilizing the 


exposure. Compounds 


navy produced 


several species of fish. 


Vetals 


Wastewaters containing appreciable 
amounts of Cu and NH, ions are dis 


charged into Lake Orta in northern 
Italy from an artificial silk faetory 
61 When the wastes were first in 


troduced all plankton, benthie fauna, 


and fish were killed. Copper is found 
in the tipper 6G em of bottom sediment 
There is a fairly good correlation be 


tween Cu, organie matter, and chloro- 
phyll eontent, Cyclotella and Fragqi- 
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laria, once most abundant in the lake, 
have greatly decreased and Achnanthes 
nodosa has become dominant in com- 
petition with species less tolerant of 
Cu. 

Rainbow trout fry were greatly af- 
feeted by CuSO, concentrations slightly 
above 3 mg/l and some toxicity was 
shown at concentrations of 1 mg/l 
(215). At 10 mg/l, CuSO, eaused 90- 
to 100-per cent mortality in 12 hr. 
Daphnia magna was killed by 1 mg/1 
while the larvae of the gnat Simulium 
dentalosum were unaffected by 10 mg/1 
CuSO,. Clendenning (58) found that 
copper at 1 mg/l completely stopped 
photosynthesis in kelp in 48 hr. At 
0.1 mg/l Cu decreased photosynthesis 
50 per cent in 2 to 5 days and over 70 
per cent in 7 to 9 days. Chromium 
and Cl were much less toxic than Cu 
to kelp. It required more than 10 
mg/l of Cr and Cl to produce the same 
symptoms as 1 mg/! Cu. 

Investigations of the toxicity of Cr 
to fish (14) showed that hexavalent Cr 
in a concentration of 0.2 mg/l] was defi- 
nitely toxic, retarding rate of growth, 
and resulting in increased mortality. 
Trivalent Cr in the same concentration 
had no observable effect. 

Surber (207) reported that in pol- 
luted stretches of Michigan rivers, 
larvae of the midge, Cricotopus bi- 
cinctus, were found to be particularly 
resistant to electroplating wastes eon- 
taining hexavalent Cr, CN, and Cu at 
low DO levels. In the Clinton River 
they matured in concentrations of Cr 
as great as 25 mg/l; Cu to 2.2 mg/l, 
and eyanides to 3.2 mg/l. In such situ- 
ations the only other common benthie 
invertebrates present were the annelids, 
Limnodrilus and Tubifex, and a midge, 
probably Pentapedilum. 


Sweitzer Reservoir near Delta, Col- 


orado, has been stocked repeatedly 
with a variety of game fishes since 
1954, as discussed by Barnhart (28). 


Almost a complete mortality has oe- 
curred after each introduction. Tests 


showed that unusual concentrations of 
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As, Se, U, and Zn existed in the drain- 
age area and that bottom deposits in 
the deep portions contained extremely 
high concentrations of Se. Certain 
plants and animals contained excessive 
amounts of Se and the livers of flannel- 
mouth suckers and round tail chubs 
native to the area contained Se at levels 
toxie to some mammals. It is believed 
that Se is passed up through the food 
chain to the fish which accumulate the 
element in lethal concentrations. 

Studies by Lawrence (135) showed 
that in experimental ponds two appli- 
cations of 4 mg/l NaAsOs applied one 
month apart reduced the number of 
bottom organisms an average of 34 per 
cent and reduced bluegill production 
an average of 42 per cent as compared 
with those of control ponds. Two ap- 
plications of 8 mg/l NaAsO» applied 
one month apart reduced the number 
of bottom organisms an average of 45 
per cent and the bluegills 65 per cent 
as compared with production in econ- 
trol ponds. An application at 4 mg/l] 
killed all the microcrustacea and greatly 
reduced the population of rotifers. 

Bio-assays with several zirconium 
salts gave 48-hr TL,, values of approxi- 
mately 15 mg/l in soft water and 200 
mg/l in hard water (173). 


Phenolic Compounds 


The accidental discharge of a waste 
having high phenol content resulted in 
an extensive fish kill in the river Kura 
(120). The effluent from the plant 
contained 77 mg/l phenol and in the 
dead fish the concentration of phenol 
was 0.1 to 6.3 mg/kg. On the next day 
the river downstream from the plant 
contained 0.055 phenol. 

Albersmeyer and Erichsen have dealt 
with the toxicity of phenolic com- 
pounds to aquatic life in a series of 
seven papers (4) (5) (6) (7) (8) (9) 
(10). It was concluded that the phe 
nols are nerve poisons with similar 
modes of aetion but they demonstrate 
in some ways clearly different symp- 
toms in poisoned fishes. Fish that lose 
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their equilibrium in toxie concentra- 
tions can recover when placed in fresh 
water, with the exception of those sub- 
jected to phenol which do not recover. 
A permanent disabling effect is noted 
in solutions of pure phenol solutions 
much sooner than in eresol and xylenol. 
The 24-hr of the various phenolic 


compounds under study was deter- 
mined for certain fishes. The results 
of these studies are summarized in 


Table I. 


rials to 


of these 
vulgaris and 


The toxie TS 
Tinea 


mate- 
Leuciscus 
rutilus was in the same order of mag- 
nitude as that for Carassius vulgaris. 

It will be noted that these materials 
were much toxie to 
trout. The LDxo values were also de- 
termined for a number of aquatic in- 
vertebrates. From the results of these 
studies it was concluded that 


more rainbow 


the con- 
centration required to elicit a reaction 
from the 
vertebrates significantly 
ereater than the lethal concentrations 
for fish. 


most sensitive of the in- 


studied is 


reaction 
thresholds of the species studied are 
shown in Table if. 


The approximate 


There are considerable differences in 
the uptake of the different phenols 
which correlated with toxic 
symptoms, time of reaction, and tox- 
icity. Studies on the tainting of fish 
flesh by means of 


can be 


organoleptic tests 
show little connection between uptake 


TABLE I.—-Toxicity of Phenolic Compounds 
to Fish 
24-hr LD gl 
Material | 
Ca r | Rainbow Trout 
vulgaris Embryos* 
Phenol 4.9 5.0 
o-cresol 29.5 
m-cresol] 24.5 6.5 
p-cresol 1.0 
1-2-4-xvlenol 1.0 
1-3-4-xvlenol 30.0 77 
1-3-5-xylenol 53.0 50.0 
1-4-5-xylenol 10.0 


* Tests run at 15°C 
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TABLE II. 
olds for Certain Fish Species 


Approximate Reaction Thresh- 


\pproximate Reaction Thresholds 


(mg 
Species 
Phenol m-cresol 1-4-5-xylenol 
Culex larvae 10-50 20-30 15-20 


Culex pupae 
Sayomia plumi- 


800-1,000) 700-800 300-350 


ornis larvae 150-180 80-100 30-40 
Pionocypris vidua | 100-120 90-100 10-40 
Cyclops strenuus 150-180 100-120 20-30 
Daphnia pulex 50-60 30-40 15-20 


of the various phenols and the influence 
on the taste of the fish flesh. These in- 
vestigations indicate that the intense 
taste change is not caused by the stor- 
age of phenols in the body of the fish 
but is due to the non-phenolie sub- 
stances that accompany the phenols in 
wastewaters. Taste tests with 
aromatic, neutral phenol impurities 
gave an intense taste. The carbolated 
oils and the light oils gave a quicker 
and more rapid toxicity than did the 
naphthalenes and a-methylnaphthalenes 
that were also found as accompanying 


some 


substances in the phenolie wastes. 

Studies were also made of the effects 
of the same phenolic compounds on the 
sperm and ripe eggs of some European 
fishes. The sperm and eggs were not 
harmed by concentrations which were 
tolerated by the adults. Harm was 
first noted at about 50 mg/l and in eon- 
trast to the adults there was no signifi- 
cant difference in the toxicity of the 
various compounds studied. Eges of 
Carassius vulgaris, Tinca vulgaris, and 
Gasterosteus pungitius were used in 
the studies. 

It was found that the toxicity of 
certain of the phenols to some forms of 
the saprobic system is of importance 
in biological self-purification of pol- 
luted the 
show in general the resistance to 


waters.  Tlowever, results 
that 
the phenols increases with decreasing 
complexity of the organisms. 

The reaction of roaches in stepped 
6-tri- 
nitrophenol was studied in a fluviarium 


coneentration gradients of 2, 4, 


a 
* 
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by Lindahl and Marestrom (141). This 
species is attracted by this substance at 
concentrations lower than 3 x 10°* M 
and they prolonged their stay in the 
higher concentrations. Their respon- 
siveness varied with body length and 
age. The 24-hr TL,, for pentachloro- 
phenate to fathead minnows was found 
by Crandall and Goodnight (63) to be 
between 0.32 and 0.35 mg/l. All fish 
were killed at 0.4 mg/l while all lived 
at 0.2 mg/l. As the pH was lowered 
the material became more toxie, and as 
the temperature was raised the mate- 
rial became more rapidly toxic. 


Pulp and Paper Mill Wastes 


Paper mill wastes discharged to the 
Karnaphuli River of Pakistan reduced 
DO levels to 1 mg/I for a distance of 2 
miles downstream (54). The waste 
affects the gills and eyes of the fish and 
taints the flesh. Studies carried on at 
3owman’s Bay by Neale (161) indicate 
that threshold mortality levels for 
downstream migrants of chinook and 
pink salmon are 500 to 600 mg/l of 
sulfite waste liquor during continuous 
exposure for 30 days. Adverse effects 
occur at much lower concentrations. 
The presence of 50 mg/l sulfite waste 
liquor can cause a depressing effect on 
some species of marine fish food or- 
ganisms and much smaller econcentra- 
tions ean cause abnormal growths of 
Sphae rotilus. 

When a kraft paper mill began op- 
erations and discharged its wastes to 
the Clark Fork River near Missoula, 
Montana, fish kills resulted (228). 
With caged trout the mortality was 25 
per cent, 2 miles downstream. Bottom 
organisms were reduced in number 
and the makeup of the population was 
changed. WSphaerotilus growths in- 
ereased greatly in a three-fourth mile 
stretch of the river. Seven commercial 
formulations used for controlling slime 
by the pulp and paper industry were 
found by Stammer (201) to be toxie to 
rainbow trout yearlings. 
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Pesticides 


According to Tarzwell (211) the use 
of synthetic organic pesticides has been 
increasing steadily. Each year new 
materials are placed on the market and 
new uses are found for the materials. 
Total annual sales of all formulations 
now amount to billions of pounds. 
Usage has become so great that these 
materials are being carried into streams 
by runoff and many fish kills have re- 
sulted. Synthetic organic pesticides 
now must be considered as water pol- 
lutants. Much study is needed to de- 
termine the effects of widespread area 
spraying programs. In the extensive 
use of any pesticide consideration 
should be given to its over-all pollu- 
tional potential such as its residual 
toxicity, its persistence in the soil, its 
contamination of surface runoff and 
seepage, and its effects on terrestrial 
and aquatie organisms. 

Dinitrocarbazole as a 10-per cent 
dust is used for forest spraying in some 
areas (1). Experiments with minnows 
showed that dust applied at the rate of 
2.5 kg/hectare caused death in 12 to 
15 hr and 5 kg/hectare caused death 
of fish in 5 to 6 hr. The normal rate 
of application has been 50 kg/hectare. 
Tarzwell (210) reports that the chlo- 
rinated hydrocarbon insecticides are in 
general much more toxie to fishes than 
are the organic phosphorus insecticides. 
With the exception of BHC all the 
chlorinated hydrocarbons tested were 
significantly more toxic to fishes than 
were the organic phosphorus com- 
pounds. Endrin, Texaphene, and Di- 
eldrin are extremely toxic to fish and 
even very small amounts can be dam- 
aging when applied to water surfaces. 
On the basis of laboratory studies the 
following amounts of these materials 
would kill half the fish in 96 hr when 
applied to 1 acre of water, 3 ft deep; 
i.e., 3 acre-ft, Endrin, 0.005 Ib; Toxa- 
phene, 0.03 Ib; and Dieldrin, 0.07 Ib. 
Insecticides are now so widely used 
that they resemble silt as a pollutant 


: 
: 
4 
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washed into the 
portions of the 
Insecticides have already 
been found in large rivers. The only 
control at the 
source ; to limit their application, or to 
use materials which do 
with beneficial water uses. 
In studies by Webb (221) of poten- 
tial herbicides it was found that hepta- 
chlor, Phygon X-L, Sinox, Aquatie 
Weed Killer, and malathion all repre- 
sent fish life. 
Karmex W, Dowpon, and amino tri- 
azole do 


in that they may be 


Stream from large 


watershed. 


means of control is 


not interfere 


potential hazards to 


not appear to 
problem 
lessly handled or used in overdoses. 
In New York State studies were made 
by Eipper (76 


represent a 


major toxicity unless eare- 


of 5 herbicides over a 


3-vr period. With respect to treat- 
ment cost and safety of small fish, 
CuSO, had definite advantages over 


Delrad and Fermate. Phygon at 0.25- 
mg/l concentration killed neither fish 
nor plant growths. 

The brine shrimp found by 
Tarpley (208 to be susceptible to 
DDT, parathion, and Dieldrin in the 
order The larvae of Aedes 
aegypti were more susceptible to these 
materials than was the brine shrimp. 

It is suspected by Nicholson (164) 
that a substantial amount of several of 


Was 


named. 


the stable chlorinated hydrocarbon in- 
secticides wash off the erops and land 
and find their way into inland waters. 
Tests were conducted by Keenleyside 
(117) on young Atlantic salmon, 3.5 in. 
with DDT and 
solvent oil in the proportions 
used in aerial sprays for the control of 
spruce budworm. The 24- and 48-hr 
TL, values obtained were 0.049 and 
0.047 mg] for DDT, and 0.033 me/ 
for malathion for both periods. The 
effects of forest spraying with DDT on 
the streams in 
sprayed areas were investigated by the 


long, malathion in a 


Same 


aquatic life of the 


Fisheries Research Board of Canada 
(119). DDT in oil spraying in north 
ern Vancouver Island resulted in the 


killing of many eoho salmon fry and 
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young steelhead trout. Fish and fish 
food studied in 13 
Montana trout streams by Graham and 
Seott (89) to find the effects of an 
aerial spray of 1 lb DDT /aere that was 
applied in 1956 for the control of 
spruce budworms. Benthie inverte- 
and adult were mate- 
rially reduced. DDT was present in 
trout after 16 months. Fish 
declined 70 per cent in one stream and 
In New Bruns- 
wick, forest spraying resulted in a com- 


organisms were 


brates insects 


tissues 
80 per cent in another. 
plete loss of small salmon in test areas 
in 1954, and severely depleted the large 


118 Crouter and 
discussed an aerial spray- 


insects 


aquatic 
Vernon (65 


ing made in mid-June of 1955. of 
timberland in the northern part of 
Vancouver Island for the control of 


the black-headed budworm. Dosage 
was at the rate of 1 lb of DDT /acre. 
The damage to fish and fish food or- 
gvanisms Mortality was 
trout, steelhead 
yearlings, and possibly alevins of trout 
and steelhead. 
cated that a safe concentration of the 
formulation used in the control pro- 
gram would be below 0.05 mg/l. Anal- 
ysis of water samples showed that toxie 
concentrations of DDT existed in the 
stream for more than three days after 
spraying. 


Was severe, 


confined to coho fry, 


Bio-assay tests indi- 


Kight lakes were treated with Toxa- 
phene at concentrations ranging from 
0.10 to 0.01 me/l (205 Most of the 
fish killed at all coneentrations 
within the first 120 hr. Nine months 
after treatment no fish were present in 
the lakes and they were still toxie to 


were 


fish. Amphipods were eliminated at 
all the test concentrations and were 
still absent 9 months later. Dragonfly 


and damselfly nymphs and midge lar- 
killed by 0.03 Toxa- 
phene used for field) mice control was 


killed fish 


vae were mg/l. 


washed and 


26 


ito a stream 

An application of 2 lb/acre of 
tachlor near Sour Lake, Texas, resulted 
in a fish kill over a period of 3 weeks 


ae 
‘5 
i 
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as reported by Boudreaux et al. (39). 
Young fish died first. Henderson et al. 
(101) reported that bio-assays con- 
ducted with 10 commonly used chlo- 
rinated hydrocarbons on 4 species of 
fish showed that toxicity varied some- 
what with the species but all exeept 
BHC were extremely toxic and 96-hr 
TL,, values ranged as low as 0.6 pg/1. 
Bluegills were the most sensitive fish 
followed by fathead minnows, gold- 
fish, and guppies. Changes in water 
quality characteristics had no apparent 
effect on toxicity. 

Weiss (224) states that fish brain 
acetylcholinesterase is inhibited in vivo 
by organie phosphorus insecticides in 
dilute solutions. Fish re- 
moved from exposure prior to reaching 
lethal limits demonstrate the capacity 
for regeneration of the enzyme. Time 
required for regeneration to normal 
levels will depend on the extent of the 
initial inhibition, the specific chemical 
involved, and the species of fish. The 
period necessary for regeneration may 
be in excess of 30 days. Only parathion 
produced a continued decrease in brain 
acetylcholinesterase after removal from 
exposure Malathion and EPN 
when used in combination exhibited a 
marked synergistic effect. 

A series of field tests were made by 
Darsie and Corriden (68) to ascertain 
the toxicity of malathion to killifish in 
the tidal marshes of Delaware. Aerial 
sprays were used to simulate actual 
mosquito control procedures with ap- 
plications at the rate of 0.5 lb/aere. 
Fish were exposed to the toxicant for 
only 4 hr after which they were placed 
in fresh water and inspected 20 and 
64 hr later. It is believed this pro- 
cedure largely nullified the tests as 
under natural conditions fish are not 
removed from treated areas. In spite 
of this procedure 26.3 per cent died. 

Tests were carried out by Hoffman 
(105) to determine if effluents from 


aqueous 


225). 


drainage systems where fly control ma- 
terial had been used would be danger- 
Parathion in concentrations 


ous to fish. 
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of 0.05, 0.1, 0.5, and 1.0 mg/1 did not 
damage brook and rainbow trout in the 
tests so the concentration used in in- 
sect control, 0.01 mg/l, should be harm- 
less. Phosdrin killed all test fish at 
0.05 mg/l and produced symptoms of 
poisoning at 0.01 mg/l after 180-hr 
exposure. Dipterex caused no damage 
at 1 to 10 mg/l and is thus not con- 
sidered dangerous. 


Toxic Materials Produced by Algae 


Tests by Ray and Wilson (181) of 
the toxicity to fish of unialgal and 
bacteria-free cultures of Gymnodinium 
brevis containing 0.6 to 4.8 million 
algae per liter demonstrated no differ- 
ence in toxicity. This indicated that 
this dinoflagellate is the direct cause of 
mass mortalities of fish and other ma- 
rine animals associated with blooms in 
the Gulf of Mexico. The toxicity of 
G. brevis does not depend on the pres- 
ence of the living organisms. In studies 
by Reich and Rotberg (182) with 
Prymnesium parvum it was found that 
more toxin is formed in 5-per cent sea 
water than in 30-per cent sea water. 
This explains the fact that fish mor- 
talities have been observed only in 
brackish water even though Prym- 
nesium also oecurs in the sea. The ad- 
dition of Ca to the culture increased 
the amount of toxin formed. The 
death of fish due to red tide was ob- 
served by Numann (166) in the Bay 
of Luanda, Portuguese West Africa, 
and in the Bay of Izmir, Smyrna. The 
red tide is caused by a mass develop- 
ment of certain organisms in waters 
rich in nutrient matter. Such develop- 
ments are stimulated by substances 
carried in by fresh waters. 

Waldichuk (220) reported that an 
outbreak of shellfish poisoning in the 
Straits of Georgia, British Columbia, 
during October 1957, was caused by 
the consumption of mussels, clams, and 
oysters. It is believed that unusual 
weather conditions were responsible 
for the production of the plankton or- 
ganisms which produce the toxicity in 


ii 


‘ 


694 


the shellfish. The oysters cleared them- 
selves of the toxicity in about 6 weeks 
but the clams remained toxic until the 
next spring. Catastrophic outbreaks 
of poisonous dinoflagellates have been 
reported from many coastal areas 
throughout the world (110). They 
have killed large numbers of fish and 
other aquatic animals, and shellfish 
contaminated by their poisons have 
caused illness and death to humans. 


Other Toxic Materials 


In the mining of gold and coal in the 
Transvaal, South Africa, pyrites are 
exposed to the air with a resulting pro- 
duction of H.SO,, much of which 
drains into streams and causes severe 
pollution (98). It was found that 
mineral acid tends to produce the 
same peat bog conditions as do poorly 
mineralized waters containing humic 
acids. Specialized flora and fauna de- 
velop when the pH falls below 5.0 and 
have been observed at pH values as 
low as 2.9. 

Sodium nitrite is used in metal works 
and in the manufacture of dyes, cel- 
luloid, and explosives. Concentrations 
of more than 100 mg/1 of this material 
have been found in streams receiving 
wastes from the above processes (125). 
Tests with minnows showed that 50 
mg/l could be fatal in 14 days. It is 
believed that NaNOz destroys the blood 
pigment and damages the central nerv- 
ous system. 

In experiments with model reser- 
voirs, pyridine was found to inhibit 
the self-purification process when pres- 
ent at a concentration of 1 mg/l but 
not at 0.5 mg/l (239). At a concentra- 
tion of 2.5 mg/l, pyridine gave the 
water a characteristic odor. It is sug- 
gested that the maximum permissible 
concentration of pyridine in the water 
of reservoirs should be 0.25 mg/1. 

Bio-assay tests were run by Cairns 
and Scheier (48) with 10 substances 
to determine if there were any differ- 
ences in toxicity of these materials to 
3 different sizes of bluegills. Average 
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length and weight of each of the 3 
sizes of bluegills were: 3.88 em—0.96 
g: 6.09 em—2.8 @&; and 14.24 em—54.26 
g. Tests were run at 20°C Sub 
stances tested were CaClo, KCN, 
NaNOs, cresol, NasCOs,, 
Na,SO,4, ZnCl., NH4,Cl, NaOH, HCl, 
phenol, and potassium chromate and 
dichromate. No significant differences 
in toxicity due to size were noted. 

Bio-assays by Neil (162) indicated 
that for brook trout the 48-hr TL,, for 
KCN was approximately 0.09 mg/I. 
However, 0.1 of this concentration, or 
0.009 mg/l, will reduce the ability of 
brook trout to swim against a current 
by about 50 per cent. Toxicity curves 
for CN were established by Burdick 
et al. (46) for brown trout and small- 
mouth bass at 60 and TO°F, re- 
spectively, through plotting mean time 
to death against concentration. The 
threshold value for brown trout im- 
plied in the curvature of the data ap- 
peared to be about 0.09 mg/l CN at 
60°F and DO levels at or near satura- 
tion. Under the same DO conditions 
but at 70°F, the threshold for small- 
mouth bass appeared to be 0.104 mg/I 
CN. Lowering the DO level lowered 
the threshold value. 

Bio-assays by Henderson et al. (100) 
have shown that while synthetic de- 
tergents and soaps are of nearly equal 
toxicity to fish in soft water, the 
former are approximately 40 times as 
toxic as soap in hard water. Alkyl 
benzene sulfonates are toxie to fish and 
are mainly responsible for the toxic 
properties of household syndets (de- 
tergents). The 96-hr TL,, values for 
fathead minnows averaged 6.6 mg/l] 
(range 3.6 to 9.2 mg/l) in soft water 
and 4.3 mg/l (range 3.5 to 5.1 mg/I1) 
in hard water for 4 ABS compounds 
frequently used in household syndets. 
On the basis of these experiments con 
centrations of ABS exceeding 1 or 2 
mg/l may be expected to have some 
effect on the more sensitive fishes and 
other aquatic organisms in natural 


waters. 
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Organic Wastes 
Effects of Organic Enrichment 


A study of the effects of San Diego 
sewage on the growth and condition of 
young kelp plants indicated damage to 
the kelp (59). Manometric techniques 
used to measure the respiration of the 
kelp indicated a 60 to 80 per cent re- 
duction after exposure to the sewage 
for 3 days. Centrifugation of the ef- 
fluent did not eliminate toxie action 
(59). Newell (163) reports that the 
effects of the pollution of estuaries on 
the aquatic fauna may be much more 
complex than it is in rivers. Many 
estuarine animals such as polychaete 
worms can grow well in water which 
contains 0.2 of the saturation value of 
oxygen. Further, the presence of or- 
ganie matter and of increased concen- 
trations of PO, and NOs favors the 
growth of phytoplankton; and bottom 
deposits may be more favorable to bur- 
rowing animals than are clean sands. 
Toxic materials are deleterious even 
when greatly diluted. 

According to Seott (194), the bio- 
logical balance in streams differs from 
the concept as it is applied to lakes. It 
is not based on a balance of energy or 
elements but on the relative abundance 
of the various organisms composing 
the communities within the stream. It 
is suggested that in streams the term 
‘‘halance’’ should be replaced by ‘‘bio- 
logical diversity.’’ The bottom fauna 
of New Zealand streams was studied 
by Hirsch (104) with the objective of 
devising biological criteria for evalu- 
ating the extent and severity of or- 
ganic pollution. The biota found in 
stony bottomed streams shows charac- 
teristic reactions to pollution. In 
grossly polluted areas the fauna is 
composed of tubificid and niad worms 
and certain chironomid larvae. The 
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other zones were similar to those de- 
seribed for North Ameriea. 

Barnard (29) reports that the floe 
culent detritus in the harbors of Los 
Angeles and Long Beach, California, 
much of which is caused by domestte 
and industrial pollution, can be used 
as food by amphipods and polychaetes. 
The immersion of fresh surfaces indi- 
eated that the amphipods and poly- 
chaetes were consistently the earliest 
and most abundant settling metazoans 
in the harbor. 

Laboratory experiments demon- 
strated that algae accelerate purifica- 
tion of organic wastes as indicated by 
the early termination of the anaerobic 
phase, the appearance of DO, and the 
acceleration of nitrification (216). The 
B. coli die-off was also accelerated. 
When Chironomus riparius were in- 
troduced into activated sludge which 
had been allowed to settle and con- 
solidate for 6 months, they caused the 
pH value of the sludge to rise and in- 
ereased the oxidation-reduction poten- 
tial (74). Their effect on the overly- 
ing water was to increase the pH value 
and the concentration of NH, and to 
reduce the concentration of oxidized 
nitrogen 

An investigation was made by Allan 
et al. (11) into the condition of fish 
living in the effluent of a large sewage 
treatment plant. Large numbers of 
fish were caught in the effluent canal 
during summer but few were taken in 
winter. Similar fluctuations were noted 
in a nearby stream. There were some 
fish kills in the mile-long effluent canal 
and investigations were made to de- 
termine at what levels the various 
factors measured in the effluent (DO, 
pH, NHs, temperature, COs, and heavy 
metals) become detrimental to the rain- 
bow trout and other species. This was 
done by means of cage tests. It was 
found that the results of these tests 
agreed well with those determined in 
the laboratory. The data suggested 
that the lethal conditions which oce- 
curred in the effluent were due mainly 
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to low DO. The free CO, appreciably 
increased the sensitivity of the fish to 
the low oxygen. But for the presence 
of CO, which reduced the pI value of 
the effluent, the concentrations of NH» 
which were often present would have 
been toxic within a short period. The 
concentrations of metallic salts present 
were too low to kill fish rapidly when 
the Os concentration was high but they 
probably increased the susceptibility of 
the fish to the low DO. 

The role of sewage plant effluents in 
the stimulation of algal growths in 
streams is discussed by Bucksteeg (45). 
Experiments are described on the use 
of Scenedesmus obliquus for the re- 
moval of enriching materials from 
wastewaters which have already re- 
ceived physical treatment. These algae 
were then removed from the water by 
chemical coagulation. substantial 
purification of the water was attained 
in 24 hr. If unicellular algae were re- 
placed with filamentous algae, these 
latter could be removed from the water 
by simple mechanical means. 


Indicators of Organic Enrichment 


In order to understand the manner 
in which the benthic fauna of the San 
Francisco Bay estuary responds to 
various pollutional conditions, the data 
from 312 collecting stations were ex- 
amined by Filice (81). There was a 
total of 154 stations in what was con- 
sidered normal areas. (It is doubtful 
if any unpolluted areas exist). A total 
of 39 species were taken in this area 
with an average of 6.5 species in each 
10 liters of bottom materials. In the 
vicinity of industrial outfalls, 8 sta- 
tions were established from which 3 
species were taken at an average of 1 
species /10 liters of substrate. In areas 
marginal to industrial outfalls, 39 sta- 
tions were sampled at which 12 species 
were taken at an average of 3 species/ 
10 liters of substrate. At domestic out- 
falls 13 stations were sampled which 
yielded 5 species and an average of 2 
species/10 liters of substrate. There 
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were 98 stations in areas marginal to 
domestie outfalls from which 30 species 
were taken at an average of 11.5 spe- 
cies/10 liters of substrate. These re- 
sults indieate qualitative and quantita- 
tive changes in the benthic biota due to 
the addition of wastes. 

When the Rio de la Plata enters an 
artificial lake the plankton population 
is drastically changed (130). The 
plankton population in the river is 
about 1,000 individuals per ml whereas 
in the reservoir it is 30,000/ml. While 
Melosira, Coscinodiscus, and Nitzschia 
are common in the river they do not 
prosper in the lake. Quantitatively 
the diatoms predominate in the river 
while in the lake Chlorophyceae and 
Cyanophyceae are dominant. In the 
lake blooms of Anabaena, Anabaenop- 
sis, Mougeotia, Geminella, Synedra, 
and Bumilleria evolve rapidly in 4 to 
7 days. 
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Conditions in 


Radioactive Wastes 


Experiments were conducted on year 
old scaly and smooth carp to determine 
the uptake of P** added to the water 
in NagPO, in amounts of 0.1 to 0.005 
mg/l P** and 20 to 200 pe/l (199). 
The highest P concentration was 
found in the seales and the lowest in 
the bones and kidneys. Absorption of 
inorganic P** occurs in all parts of the 
intestine but is greatest in the anterior 
portion. 

An investigation by Lebedeva (136) 
of the accumulation of radioactive stron- 
tium by Daphnia magna, Diaptomus 
amblyoden, and Scenedesmus quadri- 
cauda from water with Sr®° concentra- 
tions within the range of 2.7 x 10-™* to 
3.4 x 10°* ¢/l demonstrated that Daph- 
mia accumulated much more than the 
other 2 organisms. Daphnia ean take 
radioactivity within 
the first 5 minutes and ean be used as 


up considerable 


specific indicators of radioactive con- 
tamination. Since aquatic organisms 
such as plankton, aquatic plants, mol- 
luses, fish, and ducks accumulate sig- 
nificant radioactive Sr in 
their tissues from water and sinee the 
flesh of several of these is eaten, it 
is suggested that the maximum per- 
missible concentration of radioactive 
strontium in reservoirs should be re- 
vised (150 Rice and Willis (184) re- 
port that with the possibility of in- 
creased contamination of the oceans 
with fission produets there is need for 
determination of the uptake, aceumu- 


amounts of 


JOURNAL WPCF 


July 1960 


individual radio- 
A eul- 
ture of Nitzeschia closterium containing 
removed all the Ce'* 
originally added to the medium, Dif- 
ferent species of algae concentrate Ce 


lation, and loss of 


nuclides by marine organisms. 


dividing cells 


from 300 to 3,000 times over amounts 
in the medium in a period of 30 min- 
utes. After 24 hr all 6 species tested 
had concentrated Ce from about 2,000 
to 4,500 The amount of Ce 
taken up by Nitzschia cells inereased 
as the concentration of Ce inereased. 


times. 


Particulate Ce became associated with 
the cells at a faster rate than ionie Ce. 
Experiments carried out in Russia 
(3) to learn the distribution of radio- 
activity in living and nonliving com- 
ponents of demonstrated 
that Sr, Ru, and Ce were taken up by 
organisms while Cs was absorbed more 
strongly by soil and sand. When 4 
species of fish were held in water con- 
taining radioactive Sr°®® it was found 
that appreciable amounts of Sr®° were 
taken up over prolonged periods and 
that there direct relation be- 
tween the concentration of Sr®° in the 
tissues and the activity in the water 
and the period of exposure (188). The 
uptake of Sr was inversely propor- 
tional to the 
the water. The largest amounts of Sr 
were concentrated in the scales and 
Rosenthal (185) found that tis- 
sues containing high concentrations of 
Ca accumulate more Sr*’ than do soft 
tissues. The rate of turnover of the 
nuclide varies from very fast to very 
slow according to the type of tissue. 
The whole body, head, and spine retain 
Sr®*® for long periods while viscera lose 
the isotopes rapidly when the fish is 
transferred to fresh The nu- 
clides formerly found in contaminated 
Ru’ in bones and seales, Cs™®**, 
Zr™, and in 
and muscle (14). Others 
eently found are 
Mn**, and La*® 


reservoirs 


Was a 


concentration of Ca in 


bones. 


water. 


viscera 
more re- 
115 


in viscera 
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and muscles (158). It has been found 
that aquatic organisms accumulate Cs*** 
(14). 

Studies were made by Lackey (133) 
to determine the adsorption and ab- 
sorption of radioactive isotopes on 
muck, sand, clay, fuller’s earth, and silt. 
Cesium and Fe are usually most readily 
removed by adsorption. However, the 
exceptions are muck and silt which 
most readily removed U. Silica sand 
has less ion exchange capacity than 
fuller’s earth. The settling out of 
turbidity removes some radioactivity. 
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Microbiology 


Only four outbreaks (69) of enteric 
disease (445 cases) were attributed to 
contaminated water in 1958. This is 
the same number of outbreaks but rep- 
resents about a seven-fold increase of 
eases over 1957. One occurrence of 
shigellosis followed failure to chlo- 
rinate the public water supply of a 
small city for several days and another 
of shigellosis occurred in a group 
of campers who drank inadequately 
treated water from a livestock water- 
ing tank. One outbreak of salmonel- 
losis resulted from the use of a pol- 
luted well and one of gastroenteritis 
was due to contamination of a public 
water supply. Three boys became ill 
with typhoid fever after swimming in 
a stream which carried untreated sew- 
age. The etiological organism was 
phage type E1. 

Zhumatov and Dardik (237) de- 
scribed a large outbreak of infectious 
hepatitis among a rural population 
during the period of late summer field 
work. The disease appeared simul- 
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taneously in 44 communities and was 
caused by the use of water from an 
irrigation canal. Weber (223) dis- 
cussed the use of chemical and bacterio 
logical tests of ground water during an 
epidemic of infectious hepatitis. Sew- 
age from 80 persons was treated me- 
chanically and stored in seepage pits. 
Wells in the neighborhood were ex- 
amined before seepage began; some 
were found to be faulty in construe- 
tion, bacteriological results were some- 
times unsatisfactory, but chemically 
there was no evidence of serious pollu- 
tion. Examination six months after 
seepage began showed definite deterio- 
ration in the chemical quality of the 
water. Epidemic hepatitis broke out 
in two houses using these well waters. 

In a study of the relationship of 
viruses and illnesses in a boys’ summer 
camp, Paffenbarger et al. (172) con- 
cluded that the risks of contracting ill- 
ness were not increased by exposure 
to swimming pool water and other 
communal objects. Clarke and Chang 
(56) reviewed the literature relative 
to enteric viruses in water. They 
found that despite the fact that all 
enteric viruses are feces borne and are 
sometimes present in sewage effluents, 
no enteric-virus disease other than in- 
fectious hepatitis has been shown to be 
water-borne, although a few outbreaks 
of poliomyelitis are suspect. 

Welsh et al. (226) recovered Covriella 
burnettii from the soil and surface 
water of premises harboring infected 
sheep in Solano County, California. 
Of the 19 water samples collected over 
a six-weeks period during the rainy 
season, 6 (32 per cent) contained C. 
burnettii in detectable amounts. Satis- 
factory results in the examination of 
naturally infected water samples with 
Salmonella typhi were obtained by 
Pandeleseu and Rosu (174) by fioceu- 
lating the water with 15-per cent solu- 
tion of alum, settling 4 hr, redissolving 
the floc in phosphate buffer (pH 7.4) 
and inoculating on Wilson-Blair me- 


700 


dium. Cooke and Bartsch (60) iso- 
lated a number of relatively common 
aquatic that re- 
ceived domestic sewage and industrial 
wastes, but results indicated that addi- 
tional had little 
value in determining the degree of pol- 
lution of the stream. Chang et al. (51) 
reported the persistent occurrence of 
the nematode, Diplogaster nudicapi- 
tatus, in a city water supply using 
Ohio water as a raw 
From the evidence available, it was be- 
lieved that the raw river water was the 
source of infestation. 

Leclere (137) isolated bacteriophages 
active against Vi of S. typhi 
from 41.8 per cent of 430 samples of 
river water and 30 samples of lake and 
stagnant pool water in Hanoi (N. Viet- 
nam). These 
divided into four groups according to 
plaque size and specificity of action. 
The value of the test for Vi-phage con- 
tent in infection 
such as typhoid carriers was empha- 
sized by Sturdza and Pandeleseu (206). 
Polluting discharges increased the econ- 
tent of bacteriophage, and dilution by 
pure tributaries or by rain decreased 
it. The content of phage was affected 
by self-purification in the same way as 
the Coli titer and bacterial count but 
did not appear to play any part in 
the reduction of bacterial numbers. 
However, Zieminska (238), in compar- 
ing the presence of bacteria of the E. 
coli group and bacteriophages of some 


fungi from streams 


information gained 


River source, 


strains 


phages could be sub- 


tracing sources of 


pathogenic intestinal bacteria in river 
water, observed no correlation between 
the E. coli titer and the titer of any of 
the phages isolated. He concluded 
that determination of the phage titer 
was not a suitable procedure for rou- 
tine water examination. 

When Thomas et al. (212) identified 
the bacteria in farm 
water supplies, they found that 37° 
negative strains of Citrobacter freundu 
I and Klebsiella cloacae were the main 


coli-aerogenes 


coli-aerogenes organisms recovered from 
high sanitary quality waters of springs 
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and wells, but the coli-aerogenes micro- 
flora of polluted water was dominated 
by E. coli I, which comprised 43 per 
cent of the isolates at 30°C 
cent of those at 37°C. 


geloh (93 


and 76 per 
Habs and Lan- 
investigated the significance 
of the so-called atypical coliform bae- 
teria in water and concluded that the 
presence of atypical EF. coli (C. freun- 
dii) was not precisely an indicator of 
fecal contamination, but rather implied 
that insufficiently filtered surface wa- 
ter had gained access to the source, and 
that the water was objectionable for 
this reason. Because coliform densities 

in areas with different 
enteric may not be 
comparable as measures of contamina- 


as determined 
rates of disease 
tion, Christovao (55) proposed a ‘‘cor- 
rected’’ coliform index. 
corrective 
only a 

Gray (90 
defined 
lactose, 


The proposed 
formula was considered as 
preliminary approximation. 
recommended a chemically 
medium containing formate, 
and glutomate, as a possible 
substitute for MacConkey broth in the 
presumptive coliform examination of 
water and Etinger-Tulezynska (79) 
pointed out that large numbers of vari- 
ous water bacteria may adversely affect 
the growth of EF. coli I in MacConkey’s 
broth at 37° and 42°C. 
Guthof and Dammann 
scribed a two-stage method for the 
cultivation of enterococci which was 
easy to perform. They believed it to 
be of particular value in assessing the 
The 
search for enterococci in water, accord- 
ing to Graziadei-Celoria (91), was not 
only a necessary adjunct of tests for 
fecal contamination by coliforms and 
Clostridia, but essential for the judg- 
ment of water potability, especially if 
E. coli was not found among the eoli- 
forms present. Croft (64) compared 
the efficiency of media for the enumera- 
tion of enterococci in water and found 
that azide dextrose-ethyl violet azide 
and M-enterocoeceus agars showed the 


(92) de- 


significance of coliform counts. 


same order of productivity. 
As recommended by Schiavone and 


: 
4, 
k 


Vol. 32, No. 7 


Passerini (189) the search for Pseu- 
domonas aeruginosa should be ineluded 
as a routine test in the bacteriological 
examination of drinking water because 
the inhibitory influence of Pseudo- 
monas on the coliform group might 
otherwise lead to errors. Another 
source of error in streptococcal assays 
has been attributed to a bacterial in- 
hibitor in distilled water by Price and 
Gare (176). The inhibition was caused 
by traces of short-chain fatty acids 
which could be removed by passing the 
water through a mixed bed ion ex- 
change column or through activated 
chareoal. Mikhalyuk (155) observed 
varying results in the bacteriological 
examination of water depending on 
elapsed time and condition of transport 
of samples. Changes in bacterial con- 
tent varied with initial number and 
kind of bacteria present as well as with 
the time and temperature of transport. 
Noble and Reitman (165) recovered 
about 25 per cent fewer colonies from 
a pure £. coli suspension on EHC 
Endo medium than on the same me- 
dium without fuchsin and _ sulfite. 
They, therefore, believed that in waters 
of low coliform content the membrane 
filter test using EITC medium might 
yield false negative results. Levin et 
al. (139) presented results using a 
sodium formate medium in the rapid, 
radioactive test for coliform organisms. 
They reported a reasonable degree of 
correlation between evolved C™Os and 
number of cells. Some organisms pro- 
duced gas by the isotope method but 
produced no gas in standard methods 
tube test. Metzler (154) discussed the 
reuse of treated wastewater for do- 
mestic purposes. He stated that an 
adequate water treatment plant could 
possibly remove pathogenic contami- 
nants, but the reuse of sewage effluent 
for drinking purposes could seri- 
ously hindered by chemical as well as 
by biological contaminants. 

Hlenderson (102) used the membrane 
filter procedure for the estimation of 
coliform densities in sea water. He 
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concluded that like any other pro- 
cedure, the method has limitations and 
must be applied properly, but the 
method had advantages over the fer- 
mentation tube method by virtue of the 
labor, time, and materials saving, and 
that the precision of the membrane 
filter count was superior to that of the 
most probable number derived from 
fermentation tube results. Among the 
factors affecting the survival of bae- 
teria in sea water reviewed by Carlucci 
and Pramer (49) were dilution, ad- 
sorption, sedimentation, hydrostatic 
pressure, solar radiation, temperature, 
pH, salinity, oxidation-reduection po- 
tentials, nutritive materials available, 
predators, bacteriophages, and other 
varied biological reactions. 

Milbauer and Grossowiez (156) 
(157) claimed to have ‘‘reactivated’’ 
chlorine-treated FE. coli by planting in 
protein-rich media. Planting such 
chlorine-treated cells in relatively weak 
media markedly reduced the number 
of ‘‘survivors.’’ Brazis ef al. (41) 
showed that inactivation of Clostridium 
botulinum toxins occurred as long as a 
free available chlorine residual re- 
mained in the water. Chloramines 
were relatively ineffective in destroy- 
ing botulinum toxins. Laubuseh (134) 
summarized the available information 
on the effectiveness of chlorine treat- 
ment in relation to various pathogenic 
bacteria, parasites, fungi, and viruses. 
To insure disinfection with chlorine, it 
was necessary to effect a suitable com- 
bination of available chlorine, contact 
time, and temperature as demonstrated 
locally by experiment and experience. 

Disinfection of drinking water by 
the combined action of ultrasonic waves 
and small doses of disinfectants was 
studied by Elipiner (77). It was 
found that in the presence of small 
amounts of chlorine or hydrogen per- 
oxide, disinfection was attained with 
much shorter periods of exposure to 
ultrasonic waves. DeLaney (71) eval- 
uated a silver process for purifying 
water. The process failed to yield a 
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met the bac- 
the Public 
Health Service while operating within 


water that consistently 
teriological standards of 
the limitations prescribed for the unit. 
Black et al. (37) found iodine to be a 
satisfactory disinfectant for swimming 
pool water. They reported no objec- 
tionable tastes and odors or eye irrita- 
tions. 


Chemistry 


Interesting reports on the behavior 
of inorganic pollutants have appeared 
in the last year. Becking et al. (33) 
developed information on the forma- 
tion of perchlorate in sea water. Kuhl 
and Mann (129) are responsible for 
detailed studies of the behavior of in- 
organic nitrogen compounds in a river 
estuary. The oxidation of nitrogenous 
material is related to plankton 
populations and to numerous physical 
variables. Engelbrecht and Morgan 
(78) have made detailed studies of the 
occurrence and 
densed phosphates in surface waters. 


also 


degradation of eon- 


The chemical and physical behavior 
of ‘‘ABS”’ 


tion. 


continues to require atten- 
Renn and Barada (183) investi- 
gated adsorption of ABS by a number 
of materials. Activated carbon was 
found far superior to all other agents 
investigated. Even with activated ear- 
bon, relatively large doses were re- 
quired to remove nominal amounts of 
ABS. Oldham (170) found Lissapol- 
N to be well tolerated by a trickling 
filter in concentrations up to 50 mg/1. 
He reported about 30 per cent removed 
by adsorption, the rest passing through 
the filter. Truesdale (213) evaluated 
a number of factors in relationship to 
the foaming of aerated liquids eontain- 
ing surface-active 


various synthetic 


agents. 

The biological degradation of spe 
cific materials has received further 
investigation. Styrene and isoprene 


were given laboratory investigation by 
Jenkins (94) 


styrene to be subject to slow stabiliza- 


Harkness and who found 


tion with isoprene being more resistant. 
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Nasarenko (160) studied acetone and 
methanol and attempted to estimate 
stream the chemicals. 
notes that metabolie frag- 
ments of pollutants preclude analysis 
of stream effects in terms of pollutants 
originally introduced. 

A pattern of studies of 
toxicity to mammals, taste, and odor 
determination and assay of stream be- 
havior to reach an estimate of a toler- 
ance abroad. A 
maximum permissible concentration for 
pyridine of 0.25 mg/l is suggested on 
the basis of toxicological 


tolerance of 


3ogan (38 


combined 


is becoming evident 


studies and 
odor considerations (239). Fridlyand 
and the ad- 
ditive effect of odorous materials and 
the additive effects of metals on 
pairment of BOD oxidation. 
was considered 


Rubleva 83) considered 
im- 
Jenzene 
in terms of taste and 
odor and a limit of 4.5 mg/I in reser- 
voirs adopted (25). In terms of in- 
vestigations of odor and physiological 
activity, isoprene and dimethyldioxane 
were examined (124 Limits of .005 
mg /] both substances 


gested. 


for were sue- 


Knorr (126) considered general as 
pects of petroleum production as a 
The prejudicial 
actions of petroleum derivatives, espe- 


source of pollution. 


cially the carcinogenic power, are well 


known, and protection rules are dis- 
cussed. 
Steen (202) re-examined the solu- 


bility of oxygen in water, and he con- 
firmed the values of Fox and Winkler 


as being correct to 1 per cent. 


The interaction of phosphate and 
lake sediments has been further in- 
vestigated by Olsen (171) and Mae 
Pherson ef al. (148). 
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Oxygen Sag and Stream Self- 
Purification 


A comprehensive discussion of the 
effects of river impoundments on dis- 
solved oxygen resources has been pre- 
sented by Kittrell (123) with discus- 
sions by Jones and Ingols. The effects 
of relatively long- and short-term re- 
tention reservoirs are discussed, as is 
their importance in reducing the dis- 
solved oxygen resources of the stream. 
In storage reservoirs having relatively 
long retentions the epilimnion may be 
saturated with dissolved oxygen while 
the hypolimnion oxygen resource is de- 
pleted by organie decomposition and 
lack of reaeration. Main stream reser- 
voirs having smaller retention periods 


have reaeration and oxygen resource 
characteristics intermediate between 


those of an uncontrolled stream and 
the epilimnion of a storage reservoir. 

Methods that may be used to over- 
come the dissolved oxygen depletions 
that occur with reservoirs are dis- 
cussed and inelude multilevel penstoeck 
intakes, high-level penstock weirs, tail- 
race design, compressed air reaeration, 
and circulation by pumping. 

Mercier (153) has also discussed the 
natural and artificial aeration of lakes, 
and summarizes such work for Lake 
Bret and Lake Morat, Switzerland. 
Details such as degree of pollution, 
location of the hypolimnion, and its 
oxygen concentrations are given. An 
aeration scheme is presented in which 
water would be withdrawn at two lo- 
cations, aerated, and returned at a 


deep location, the two treatment units 
being located so as to cause circulation 
in the lake. 


Such treatment is needed 
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from the end of May to early Decem- 
ber, and water would be treated at a 
rate of 2 cu m/see. 

Laboratory investigations of the ef- 
fects of domestic sewage on reaeration 
rates have been reported by Rand 
(178), who indicates that domestic 
sewage depressed the reaeration rate 
by a maximum of 60 per cent (undi- 
luted sewage). The solubility of oxy- 
gen in sewage was found to be not sig- 
nificantly different from that in pure 
water, and the relative effect of sew- 
age concentration was not dependent 
on degree of turbulence or mixing. 

Studies of the mechanics of air en- 
trainment for self-aerated flows in 
open channels have been made by 
Straub and Anderson (203) who indi- 
eate that air distribution is described 
by relationships based on a simplified 
view of turbulent transport, and that 
the maximum depth and mean velocity 
inerease beyond those of a correspond- 
ing nonaerated flow. 

Further experimental channel studies 
of the effects of detergents, settled sew- 
age, and effluents on reaeration of wa- 
ters of variable salinity have been re- 
ported by Ogden et al. (167). These 
authors conclude that ‘‘the lowering 
of the rate of aeration in saline water 
is quite pronounced but the propor- 
tional reductions produced by other 
factors do not appear to be dependent, 
to any great extent, on the presence of 
salt water.’’ Gameson and Truesdale 
(85) have reported on field experi- 
ments to determine reaeration rates by 
use of a sodium sulfite method of de- 
aeration. Gameson and Griffith (84) 
have also reported the results of a six 
month experiment with an automatic 
dissolved oxygen recorder on a pol- 
luted stream. The hourly and daily 
variations of DO are discussed and 
estimates of the best sampling times 
presented. 
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Stream Studies and Surveys 
There appears to be a distinct trend 
this year toward broadening the scope 
of stream investigations. Lakes, tidal 
reaches, and estuaries, as receivers of 
wastes, are being studied more inten- 
sively. Studies reported from numer- 
ous countries reflect the significance of 
stream pollution on water resource 
conservation on a worldwide basis. 
The Public Health Service (22) is- 
sued a progress report of the first 
year’s operation of the national water 
quality network. The results of the 
cooperative federal, state, and local 
effort fill a void long felt by water 
resource planners. Current research 
(21) on the monitoring of wastes in 
streams emphasizes the importance of 
bacterial indicators and _ protozoan, 
metazoan organisms, and the signifi- 
eance of organic contaminants. 
ORSANCO (20) is trying out ‘**robot 
monitors’’ that automatically reeord 
changes in water quality and _ that 
transmit information to the headquar- 
ters office. A prototype designed to 
measure chloride, specifie conductance, 
temperature, pH, oxidation-reduction 
potential, and dissolved oxygen is un- 


der construction. Suecess in these ef- 
forts will reduce the drudgery and 
costs of field surveys. The Texas 
Health Bulletin 19 reports on 


‘“Stream Detectives,’’ a joint effort of 
the Game and Fish Commission and 
Water Pollution Control Division of 


the Health Department. Sampling was 


carried on at 268 stations for the col- 
lection of data on specific conductance, 
total solids, chloride, sulfate, chlorine 
demand, and BOD. Illustrated de- 
scriptions of a number of electrical ap- 
plianees for measuring and recording 
the condition of river water and dis- 
charge of trade wastewaters in Ger- 
many are given by Sehuh (193). In- 
struments for recording salt content, 
pH, flow, and radioactivity and the de- 
sign of recording apparatus and use 
of automatic telephones are described. 

Hurwitz and Barnett (107) present 
a history of pollution control of the 
Chieago River from the early dilution 
projects of improving the drainage 
basin and diverting Lake Michigan 
water, to the treatment of virtually 
all wastes. Even with a high degree 
of treatment, the dissolved oxygen pic- 
ture is not favorable with the estab- 
lished limit of 1,500 efs diversion from 
Lake Michigan ; greater diversion is re- 
quired especially during warm weather 
periods. 

Bartsch and Ingram (30) developed 
an excellent summary on the effects of 
a hypothetical domestie sewage load on 
various chemical, physical, and bio 
logical factors in a stream; colored 
plates are used. The effects on BOD, 
dissolved oxygen, bacteria, and higher 
organisms are dealt with. Especially 
significant is the diseussion of diurnal 
dissolved oxygen patterns and the zo- 
nation of organisms in distance as re- 
lated to time of passage and natural 
self-purification. 

As many rivers in England receive 
discharges of large volumes of cooling 
water, Gameson et al. (86) studied the 
variation in temperature of a stretch 
of the river Lea below a power station 
at Hoddesdon, Herts. Diurnal varia- 
tions in temperature were so great that 
flow of water could be traced down 
stream for 5.5 miles. The rate of ex 
change of heat between water and its 
surroundings was estimated, the aver 
age coefficient being 2.6 em/hr, or 5.4 
Btu/hr/sq ft/°F excess temperature. 
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Based on a 


number of physical, 
chemical, and biological factors, pollu- 
tion problems of 3 lakes and 5 streams 
in France were considered by Vivier 
(217 Depending on climatie and 
hydrographie factors, a chronie pollu- 
tion problem can change quickly into 
an acute when treated mu- 
nicipal waste is the source of pollution. 
Chene (52) diseusses the noxious bio- 
logical effect of industrial wastewater 
in rivers, especially from the piscicul- 
tural point of view, with special atten- 
tion to harmful substances in the liquid 
residue of paper manufacturing. 


one even 


Floquet (82) reports on stream pol- 
lution control of a steel-producing re- 
gion of Lorraine. The control system 
is based on scheduled analyses of in- 
take water and plant effluents from top 
to bottom of the valley; 25 per cent 
reduction in pollution was achieved 
even during a period of sharp inerease 
in factory output. 

A paper by Jaag (113) describes 
some of the pollution problems of the 
Reuss River watershed in Switzerland 
based largely on biologieal, physical, 
and data gathered from a 
number of tributaries and lakes in the 
area. Heide and Thiele (99) studied 
the boron eontent of the River Saale; 
comparative data are given for coneen- 


chemical 


trations of boron in different roeks, 
Saale water, and sea water. A study 
(18) of the Rhine River over a 24-hr 


detailed. An aceount is 
given of the various laboratories tak- 
ing part and of co-ordination of meth- 
ods of analysis. Results are discussed, 
compared to earlier investigations, and 
used in a detailed survey of the condi- 
tion of the Rhine and its variations 
in the different sections. Schmassmann 
(192) discusses the meaning of and the 


ecouelusions to be 


period is 


drawn from the re 
sults of the previous study. 

234) studied the sani 
condition of wastewaters of a bi- 
tuminous chemical plant and their ef- 
feets on the rivers Erra and Purtse in 
order to evaluate pollution in water 


Yurvenson 
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reservoirs. Both rivers proved highly 
polluted, calling for radical sewage 
treatment prior to diversion of the 
river water to reservoirs. The sanitary 
characteristics of the Kama River, Rus- 
sia, below waste discharges from an 
aniline dyeworks is reported by Kuper 
(131). To protect the downstream 
water supply, fecal wastes are to be 
treated separately or discharged to 
municipal sewerage, and process wastes 
are to be settled and released to achieve 
maximum mixing with the left bank 
current. 

Okada and Uesugi (168) studied the 
industrial waste pollution of the rivers 
Ichi and Yumesaki, Japan. The Ichi 
receives wastes from various factories, 
a paper mill, and several tanneries, 
causing an increase in sulfates, organic 
substances, suspended and a 
lowering in dissolved oxygen; the 
Yumesaki is polluted by wastes from 
a glue factory that increases the sul- 
fate, chloride, and lime concentration 
of the river water. 

Johannesson (115) conducted a sur- 
vey of the Manawatu River in New 
Zealand. <A typical dissolved oxygen 
sag was observed although minimum 
values were not critical and recovery 
complete. A pronounced photosyn- 
thetic contribution to re-oxygenation 
during daylight hours was observed. 


solids, 


Studies relating to pollution of ma- 
rine waters are becoming more promi- 
nent in the literature of sanitary engi- 
neering and science. Glenn and Cow- 
herd (88) explain the development 
and application of mathematical-graph- 
ical principles of sinusoidal variations 
of dissolved oxygen in tidal water 
throughout a tidal eyele. They dem- 
onstrate through sampling studies in 
New York Harbor that sinusoidal vari- 
ations of tidal eyeles are related to 
which pre- 
dieted from extrapolated sine curves, 


oxygen contents can be 


Yakovenko (233) in Russia, dis 
cusses the sanitary protection of ma- 
rine waters near seaside towns. It is 
pointed out that the sanitary condition 


mee 
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of sea water varies, depending on eur- 
rents, amount of 


winds, and tides. 


rainfall, prevailing 
The degree of pollu- 
tion is shown by the indexes of oxidiza- 
bility, ammonia content, phosphates, 
coli-index, contents of salts and chlo- 
rine, and the count of helminthie ova. 
A biological index of assessing pollu- 
tion is based on the comparison of sea- 


weed flora of polluted and non-pol- 
luted water. To adequately protect 
shore waters, there should be a sys- 


tematic inclusion of all seashore estab- 
lishments into a sewerage system with 
proper selection of the points of dis- 
charge, taking into consideration the 
tides Also, 
should be given to the proper disposal 


and winds. attention 


of wastes from ships. Epidemiological 
studies should be given great impor- 
tance in assessing the effects of sewage 
pollution on the population that bathes 
in beach waters. 

Shiyazuki and Hayama (200 
the pollution steel 
Kudamatsu, Japan. They that 
Kasado Bay is affected up to 500 m 
from shore by 80 to 200 mg/1 of phenol 
and up to 200 mg/l! of ferrous sulfate. 
They further deal with phenols in the 
waste liquor from a coal-gas plant, not- 


discuss 
from a works at 


note 


ing that phenols can be removed by 
treatment with activated carbon. They 
state that the carbon 
ated with benzene. 
Daniels et al. 
tary survey of marine waters at Fern- 


Can be revener- 


67) report on a sani- 


dale, Washington, preparatory to initi- 
ating a refinery operation and a post- 
survey after plant operation had been 
initiated. include the 
pling of and flora, including 
plankton, bottom type, and determina- 
tions of water quality. 
vealed that 
were adequate tO preserve 
similar to those in the 


Surveys sam- 


fauna 


Surveys re- 
waste treatment facilities 
conditions 
water 
before plant operations were begun 
Rawn (180 


monitoring system and continuous anal- 


receiving 


deseribes the bacterial 


ysis program employed by the Los An- 


geles County Sanitation Districts to 
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protect coastal, offshore, and deep wa- 


ter recreational areas. 


The program 
consists of 3 phases which include: 


1. Sampling and analyzing the ef- 
fluent from the treatment installation. 
2. Daily sampling and analysis of all 
shore stations near the outfall where 
substantial recreational 
well as a staggered 


use exists, as 
five-day weekly 
schedule of sampling at other shore 
stations. 

3. Once weekly sampling of offshore 
water in the vicinity of the ocean out 
fall discharge area. 


Analyses made on shore and off- 
shore samples include DO, BOD, ecoli- 
(MPN 


Monitoring of 


forms and organic content. 
plant effluent ineludes 
daily analyses of BOD, suspended sol- 
ids, pH, grease (ether extracted), and 
radioactivity. 

Daily analyses of digested sewage 
sludge include: total solids, total vola- 
tile solids, pH, grease, and radioac- 
tivity. 

Coxon (62) discusses the problem of 
present extensive pollution of the tidal 
reach of the River Tyne and emphasizes 
the deleterious effects of this pollution 
on human health and fish life. As a 
result of untreated domestic sewage 
pumped to the river from Tyneside, 
anaerobie conditions exist for 12 miles 
Remedial 
either 
tion of a sewage treatment installation 
or by disposing of the sewage to sea; 


along its course. measures 


are recommended in construe- 


pros and cons of these alternate pro- 
posals are discussed. 

Interest appears to be increasing in 
publication of pollution investigations 
of lakes. Ruffel (186) 
method of ecaleulation which 
applied to the dilution of sewage ef- 
fluents in a Tle substanti- 
ated his calculations with actual dilu- 
that 
lvtically by field sampling. 

Wilhelm (229 


vantages of 


developed a 
can be 


reservoir. 


tion rates were determined ana- 


demonstrated the ad- 
thermistors Kipp 
thermometers in reporting stratifica- 


over 


§ 
¥ 
: 
: 


Vol. 32, 


No. 7 


tion data for Schliersee Lake. Field 
data revealed that the northern por- 
tion has a higher vearly average tem- 
perature than the southern part be- 
cause of stronger mixing by the entry 
of tributaries. Data indicate that the 
lake which is divided by the island of 
Worth should be regarded hydrograph- 
ically as well as morphologically as 
two Dissolved oxygen deter- 
indicate that the northern 
part is the most heavily polluted. The 
effects of wind on isotherms are dis- 


basins. 
minations 


cussed. 

Curl (66) investigated the origin 
and distribution of phosphate phos- 
phorus in western Lake Erie which is 
shown, as a result of drift current pat- 
terns, to be related to discharges of 
the Maumee and Detroit Rivers. The 
bedrock in the lake provided negligible 
quantities. Respectively, 405 and 125 
metrie tons are provided by the Detroit 
and the Maumee Rivers. Soluble phos- 
phorus, possibly as a precipitate of 
ferric phosphate and by adsorption 
onto ferrie hydroxide, is lost. Thus, 
the bottom sediments were found to be 
considerably enriched in phosphorus. 
Phosphate phosphorus and_ turbidity 
were positively correlated, this tur- 
bidity sometimes preventing any sig- 
nificant phytoplankton growth. Re- 
moval of fish by man was estimated to 
account for an annual loss of 29 metrie 
tons of phosphorus, or 6 per cent of 
the annual phosphorus input. About 
94 metric tons, or approximately 20 
per cent of the annual phosphorus in- 
put may be held temporarily in the 
standing phytoplankton. 

Corbella et al. (61) report on the 
toxie effects of eupro-ammonia pollu- 
tion on bottom fauna and algae from 
an artificial silk factory which dis- 
its effluents to Lake Orta, in 
The effects of pollu 
are confined to the 
Here the elimi- 
fauna resulting in 
burrowing action has 
stopped the turnover of bottom mud, 


charges 
northern Italy 
tion on the 
top 6 em of sediment. 
benthic 
a cessation of 


biota 


nation of 
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It was found that there was a fairly 
good relation between concentrations 
of copper, organic matter, and chloro- 
phyll. 


Stream Standards 


Lovett (144) reviewed the history 
and present status and use of stand- 
ards in England. The first report of 
the Rivers Pollution Commission, 1868, 
recommended ‘‘standards of purity’’ 
for effluents, which proposed limits for 
suspended organic and mineral matter, 
organie carbon, and nitrogen, sulfides, 
metals, other than the common alkaline 
earth metals, acidity, alkalinity, ar- 
senie, free chlorine, oil, and color. The 
eighth report of the Royal Commission 
on Sewage Disposal, 1913, included a 
recommendation of a general standard 
for sewage effluents that would limit 
suspended matter to 30 mg/l and 5- 
day, 18.3°C, BOD to 20 mg/l. If dilu- 
tion of effluent by the receiving stream 
was as great as 150 to 1 the BOD stand- 
ard might be omitted, and the sus- 
pended matter limit increased to 60 
mg/l. With a dilution as great as 500 
to 1 crude sewage might be discharged. 
The same report included river water 
classification as shown in Table III. 
Most of these recommendations still 
are rather widely accepted. The de- 
sirable approach is not how much 
waste can be discharged to streams, 
but rather how much potentially pol- 
luting matter can be withheld from 
streams by reasonable and practicable 
methods. King (121) presented the 
general viewpoint of the chemical in- 
dustry with regard to standards. The 
earlier standards had little reference 
or applicability to trade effluents. Gen- 


TABLE IJI.—British River Water Classifica- 


tion in Terms of BOD 


f-day BOD 


Classification (meg ‘1) 


Very clean 1 
Clean ) 
Fairly clean 3 
Doubtful 5 


Bad... 10 


2 


eral effluent standards tend to impose 
excessively stringent and costly treat- 
ment requirements on industry. Flex- 
ible stream standards are preferable. 
Such standards should be based on 
careful stream surveys that establish 
the waste assimilative capacities of the 
stream sections involved. Much re- 
search is needed on methods of analy- 


sis, reactions of wastes in streams, 


industrial wastes characteristics, and 
methods of waste treatment. Stand- 
ards should be based on adequate scien- 
tifie data, reasonable for their purpose, 
and reasonably capable of economic at- 
tainment. The river boards have au- 
thority to adopt bylaw standards, but 
none has done so, which probably in- 
dieates that such an approach to pol- 
lution control is impracticable. The 
Pollution Prevention Sub-Committee 
of the Central Advisory Water Com- 
mittee eireular, 1954, recommended 
standards based on suspended solids, 
BOD, pH, and temperature, but re- 
jected standards for organie carbon, 
toxicity to fish, color, repression of 
natural self-purification, and liquids 
immiscible in water. 

Hollis and MeCallum (106) reviewed 
the present status of water use and 
stream pollution in the United States 
and assessed the prospects for the 
future. They pointed to the ever-in- 
creasing reuse of water and to the 
rapidly expanding production of new 
chemicals, as well as the continuing 
growth of the more familiar sourees 
of wastes and the lessening distances 
between sources, and concluded that 
dilution is no longer the solution for 
pollution. The traditional parameters 
of pollution—BOD, bacterial indicator 
organisms, and determinations of natu- 
ral organie and imorganie substances, 
and of taste and odor—-no longer ean 
be relied on as the only measures of 
efficiency of waste treatment.  Insecti 
cides, pesticides, herbicides, synthetic 
detergents, new chemical fertilizers, 
antibioties, radionuclides, and a host 
of other new and fortheoming chemi- 
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eals demand new parameters for their 
evaluation and control. Development 
of these new parameters must be ac- 
companied by advances in many of the 
other techniques involved in the pro- 
tection of quality of the nation’s avail- 
able water resources. 

The Court of Appeals recently ruled 
(23) that the New York State Water 
Pollution Control Board has the prop- 
erly legislated power to set standards 
of purity for the state’s waters, and 
to compel communities to maintain 
them, and that the Board should base 
its standards on scientific facts rather 
than on how much pollution abatement 
might cost any given community. 

Maximum permissible limits for two 
organic compounds in water have been 
proposed by Russian scientists. Lisov- 
skaya (142) recommends a limit of 
0.02 mg/l for metaphos (dimethylpara- 
nitrophenylthiophosphate ), and Zhakov 
(236) proposed a limit of 0.1 mg/1 for 
Ursol D in reservoirs. 


Abatement and Control 


Reports from several sources during 
the year reflect the progress or lack of 
progress being made in the United 
States to abate pollution of principal 
waters. 

In a recent interview Secretary 
Flemming stated that pollution of 
rivers is high on the list of Department 
of Health, Education, and Welfare 
projects (24 He discussed cireum- 
stances under which the government 
acts against cities or industries and 
stated that six basins are now getting 
special attention: Missouri, Potomac, 
Ohio, Delaware, Arkansas-Red, and the 
Columbia. MeCallum (151) reviewed 
the details of the Federal Water Pollu- 
tion Control Aet of 1956 (PI 660). 
He stated that the primary responsi 
bility for water pollution control rests 
with the states, with the Federal gov 
ernment in a supporting role. Tech 
nical assistance activities are being di 


reeted more and more to regional and 


4 
il 
: 
F 
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interstate problems rather than to 
problems of individual states. 

Weber discusses the work of 
the International Joint Commission 
(United States and Canada) coneern- 
ing pollution of boundary waters. An 
international warning system for noti- 
fying downstream water users follow- 
ing industrial waste spills has been 
established. In Canada, the Ontario 
Water Act of 
1957 granted the Commission power to 
supervise all water and sewage works 
projects in the Province and to pro- 
vide aid in the financing and construe- 
tion of these projects for municipalities 
and others (35). To date 40 munici- 
palities have agreements with the Com- 
mission for projects totalling $25 mil- 
lion. 

European problems in the protection 
of waters are presented in a report 
(75) of papers given at the Interna- 
tional Congress of European Problems 
in the Protection of Waters, October 
1956. The papers measures 
taken to maintain the salubrity of 
Lake Constance, means of purifying 
the Danube (140), the protection 
against and effects of pollution of the 
Rhine (112), and protection of the 
Moselle and the Saar against water pol- 
lution (127). Several other waters 
are also discussed. Poehlmann (175) 
emphasizes the necessity for control of 
the condition of the Rhine with special 
reference to steps required in the iron 
industry. It is reported that the In- 
ternational Commission for the Pro- 
tection of the Rhine against Pollution 
studies the water quality of the river 
and ways to improve it. It is hoped 
that the Commission, composed of Ger- 
many, France, Luxembourg, the Neth- 
erlands, and Switzerland, will develop 
a code to aid in improving water qual- 
ity (235). 

Pollution controls in the Longwy 
3asin (82) are carried out by coopera- 
tion of the Inter-Industry Pollution 
Commission, the Forest Service, the 
sridges and Highway Service, and the 
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rural sanitary engineer. Problems 
involved in the basin, in which a large 
concentration of steel mills, coke fur- 
naces, and related industries 
cated, have been deseribed. 

Witzel (231) discusses the need for 
international legislation regarding the 
protection of international or boundary 
waters. One case is cited where eivil 
action could have been taken by Ger- 
many when an accidental discharge of 
heavy oil from Austria damaged fish 
and bird life in Lake Constance and 
caused harm to bathing beaches and 
water supplies in Germany. Bucksch 
(44) diseusses principles on which in- 
ternational legislation regarding water- 
ways could be based. There is conflict 
between the territorial principle which 
gives complete rights to the state over 
waters within it, and the integrity 
principle which gives the state a right 
to ask that all waters entering it shall 
be in the pristine state. The coherence 
principle developed by Hartig is also 
cited. This considers the river area as 
one unit in which each state has com- 
plete freedom of use within its own 
boundaries provided the water is not 
affected beyond its boundaries. 

Kirdorf (122) reviews the law of the 
Rhineland-Palatinate for the protection 
of waters (1956). Specific clauses are 
included relating to protective areas. 
Lohr (143) discusses the Bavarian 
Water Law and the authorities re- 
sponsible for the protection of streams, 
treatment of sewage and _ industrial 
wastewaters, financial provisions, and 
present conditions of treatment and 
disposal of sewage. 

LeClere (138) states that in Belgium 
problems in protection of rivers against 
industrial pollution arise because of 
the concentration of industries in spe- 
cifie localities and the lack of water. 
Rivers are classified into those used 
for public water supply, fishing, and 
industrial waste discharge. Partien- 
lar pollution problems associated with 
sugar refineries, iron and steel works, 
and linen mills are discussed. 
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A PAPER CHROMATOGRAPHIC METHOD FOR 
VOLATILE ACIDS * 


By A. M. Buswe.u, JoHN R. Bortne IIT, anp JAMEs R. 


Research Professor, Research Assistant, and Interim Research Assistant, 
University of Florida, Gainesville, Fla. 


The tentative method for determin- 
ing volatile acids in digesting sludge 
in ‘‘Standard Methods’’ 
(1) is a modification of the Duelaux 
test It is empirical and approxi- 
mate; laborious and time-consuming; 


as deseribed 
(2); 


but has served as a means for digestion 
control for 30 years. Sawyer (3) says, 


‘*The value of volatile acid data in the 


routine control of anaerobie diges- 
tion units has been amply dem- 
onstrated.’’ The steam distillation 


method, as given in ‘“‘Standard Meth- 
ods,’ though more accurate, is exacting 
and laborious. A simpler test and one 
capable of indicating qualitatively at 
least whether acetic acid alone is pro- 
duced or whether propionic and butyrie 
are also produced has long been the 
hope of workers in this field. For 
plant operation a test which would de- 
tect volatile acids in the range of 500 
to 1,000 mg/l would be useful for rou- 
tine control. 

[In the early work by Buswell ef 
al. (4) on the products of anaerobic 
decomposition of glucose, the identifica- 
tion of the volatile acids was aceomp- 
lished by 
tives, e.2., 


deriva- 
esters, and obtaining frae- 


preparing various 
tional separation of these compounds, 
This is a tedious and elaborate 
the best procedure 
available 25 vears ago. Since that time 


very 


process but was 


* Presented at the 32nd Annual Meeting, 
Federation of Sewage and Industrial Wastes 


Assns.; Dallas, Tex.; Oct. 12-15, 1959. 


‘ 


the need for simpler and more rapid 
methods in other fields of biochemistry 
has stimulated a great deal of research. 

Of the various advances occurring 
as a result of this research, methods 
involving the various techniques of 
chromatography t (Cg) have shown 
the most promise. Both column and 
paper chromatographic methods now 
make it possible to determine the lower 
fatty acids, both qualitatively and 
quantitatively, with a fraction of the 
labor required by the older methods. 
The literature in this field is exceed- 
ingly voluminous. From the hundreds 
of available references five selected 
articles are mentioned briefly in the 
following paragraphs. 


Earlier Work 


Mueller et al. (5) and Mueller ef al. 
(6) use silica gel columns and titration 
of the eluent fractions. For work in 
this area it is desirable to determine 
volatile acids in the range of 1,000 
mg/l as acetic without concentration of 
sample. The methods employed in 
these papers used 30 ml of sample and 
did not yield reproducible results in 

+ Chromatography: A method of chemical 
analysis applicable to solutions and gases de- 
pending on the fact that different molecules 
move at different rates which differences are 
increased by choice of solvents and stationary 
solid surfaces over or through which the solu- 
tion (or gas mixture) of the molecules is 
made to travel. Typically, a two phase setup. 
Abbreviation, Cg. 
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Concentration of 
the sample by about 10 to 1 is neces- 
sary. This would involve as 
work as a Duclaux distillation. 


desired range. 


much 


A gas-liquid Cg procedure was sug- 
and Martin (7). 
These authors used purified diatomace- 
earth with and 
stearic acid in a 4-ft glass column (4 
mm ID) to volatile acids 
from C, to Cyo (longer columns also 
were 


gested by James 


ous treated silicone 


determine 


was heated 
methanol) and 


used ). The column 
by vapor 
the nitrogen. 
and volatile acids vapor were bubbled 
through an titration cell 
using methyl red indicator. The mini- 
mum detectable was 0.02 mg 
acetic. When the acids are present as 
their salts they must be converted to 
the free acids by treating with H,PO, 
and extracting as the 
authors. This while ac- 
curate, requires expensive apparatus 


(water or 
carrier 


vas Was Gas 


automatic 


amount 


deseribed by 
procedure, 


and is slow and laborious. 

Duncan and Porteous (8) used n- 

butanol and 1.5 N NH,OH as moving 
phase on paper for quantitative separa- 
tion and estimation of volatile acids 
from Cs. to Cy, refining the method of 
Reid and Lederer (9). They claim 
quantitative results in the range of 
16 to 80 pe/5yul for Co to Cg. 
(10) deseribe 
a simplified method for paper partition 
Cg separation of volatile acids in 
which the area of the spot is roughly 
proportional to the amount of acid 
present. These authors substitute 
ethyl amine for the ammonia used by 
previous workers. ‘“‘4ul of N/10 acid 
gave a spot, N/100 better, and N/1,000 
just detectable’’ they say. For acetic 
(mol wt 60) this corresponds to 24 pg, 
2.4 pg, and 0.24 pg, respectively. 

Butanol with 1.5 N 
ethylamine is the moving phase, water 
the 


Hiscox and Berridge 


equilibrated 


stationary phase, and brom 


eresol green 


hol) the 


(2 per cent in ethyl aleo- 


indicator. values with 


ethylamine were nearly twice as large 
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as with ammonia. The butanol was 
evaporated off the Cg with air. 
Warm air removed ethylamine acetate. 
The acid is added to the paper in 
water solution in a strong atmosphere 
of amine or by neutralizing the acid 
with amine to BCG end point before 
adding to the paper. In the latter 
case, a blue spot on yellow background 


cool 


develops, and the colors are permanent 
for 30 min. 


Current Tests 


The method of Hiscox and Berridge 
was considered the most suitable and 
was tested, as described below. 


Chemistry of the Test 

The volatile acids are present in di- 
gester liquor as salts (e.g., NaAe and 
CaAce). These salts react with ethyla- 
mine according to the following: 


NaAc + CoH;NH,0OH 
= NaOH + CoH,NH,Ae. . (1) 


next, 
2NaOH COs = NasCOz T H.O. (2) 


NaAe is insoluble in butanol hence 
when the paper is wetted by the eluent, 
the reaction shown in Equation 1 goes 
to the right and EtAmAce is drawn up 
the paper by the butanol. NasCOs; and 
other mineral salts are relatively in- 
soluble in and remain where 
the sample is spotted or creep a short 
distance. When the elution 
ceeded far enough to insure the separa- 
tion of the amine salt from the original 
spot the strip is removed and exposed 
in a hood until the butanol and ex- 
amine evaporate. An appreci- 
able amount of water is retained by 
the paper. 


butanol 


has pro- 


CeSS 


Since the amine is a strong 
base and acetie, a weak acid, alkaline 
hydrolysis occurs as follows: 


H.O 


= HAe + C.H;NH;* + OH-..(3) 


and on spraying the strip with an acid- 


base indicator (BCG) two alkaline 
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spots appear, one at the starting line 
due to NasCOs, and one higher up due 
to the hydrolyzed amine. If propionic 
and butyric acids are also present, 
their amine salts move faster than the 
acetate and a third and fourth alkaline 
spot will appear. 


Reagents and Equipment 


1. Test solution: 2.73 g sodium ace- 
tate/1 (2,000 mg/l volatile acids as 
acetic) (or 4.53 NaAe-3H.0O). 

2. Ethylamine: reagent grade, 72.9- 
per cent water solution. Dilute to 2.0 
N with distilled water for use. 

3. n-butanol: reagent grade. 

4. Butanol-ethylamine eluent: shake 
vigorously 1 part by volume of 2.0 N 
ethylamine solution with 4 parts by 
volume of n-butanol, allow to stand 
until two layers are formed. Decant 
upper layer for use as the carrier 
phase. 

5. Brom eresol green : indicator grade 
(0.4 per cent in 95-per cent ethyl 
alcohol). 

6. Whatman No. 1 filter paper: 
strips, 30 em x 3 em with starting line 
marked 3 em from bottom. 

7. Chromatogram chamber: 500-ml 
cylinders provided with cork stoppers 
covered with paper towel for tight fit 
serve for single strips. Hooks made 
from paper clips are inserted to sus- 
pend the strips. A battery jar covered 
with plate glass and sealed with vase- 
line will serve for multiple strips. For 
descending elution special chambers 
(available commercially) are desirable. 

8. Micropipette: graduate to 0.01 ml. 

9. Chromatographic atomizer: avail- 
able commercially. 

10. Air compressor: 2 to 3 psi. 
Procedure 

Dilute test solution to anticipated 
concentrations of unknown. Spot pa- 
per strips at starting line with test 
solution in 0.005- to 0.01-ml increments 
allowing spots to dry between each ad- 
dition. Place eluent in chamber to 2- 
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to 3-em depth, suspend paper strips 
in chamber so as to dip 5 mm into 
eluent solutions; cover chamber and 
make air tight. 

Allow to stand 4 hr. 

Remove paper strips, mark height of 
earrier liquid with pencil, and dry at 
room temperature in ventilated hood. 

Apply indicator with atomizer spar- 
ingly. Hold atomizer 20 em from 
strip. 

Outline spots with pencil and caleu- 
late R, values. Spot center height/ 
eluent height. 

Treat unknown samples in similar 
manner and compare R, values and 
estimate volatile acids content (method 
should be sensitive to 500 mg/l). 


Experimental Results 
Exploratory Runs 


A large number of exploratory ex- 
periments were carried out, including 
tests with various laboratory cultures 
showing high volatile acids concentra- 
tions; known concentrations of sodium 
salts of acetic, propionic, and butyric 
acid in distilled water; and digester 
liquor of less than 100 mg/l] volatile 
acids content. Variations in reagent 
concentration and details in technique 
were investigated. 

From these experiments the follow- 
ing general conclusions were reached : 


1. The amount of sample added to 
the paper strip should produce a wet 
spot of 10- to 15-mm diameter; 0.005 
ml and 0.010 ml samples fell within 
this range. 

2. The chamber should be kept satu- 
rated with eluent components. 

3. After elution the strips must not 
be dried too long or at too high a tem- 
perature or the amine salts will de- 
compose. 

4. Concentrations of 500 mg/l vola- 
tile acids could be detected. 

5. Samples of pure salts gave Ry, 


values checking well with those re- 
ported in the literature. 
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6. ‘‘Sour’’ cultures gave distinet 
multiple spots indicating the presence 
of more than one acid. 

7. Digester overflow liquor of 36 
mg/l volatile acids content gave no spot 
above the point of application. 

8. A l-per cent solution of the BCG 
gave better results than the 2-per cent 
of Hiscox and Berridge. 

9. An especially designed atomizer 
giving a fine spray or mist is essential 
for the application of the indicator 
(BCG). 

10. The size of the eluate spots does 
not bear a simple relation to concen- 
tration. 


Test of Reagents 


Five strips of Whatman No. 1 paper 
suspended so as to dip in the eluent in 
the usual manner for ascending elution 
for 18 hr were then dried and sprayed 
with the BCG. No alkaline spots or 
Zones developed which indicated im- 
purities in the reagents or paper. 
Fingerprints developed in blue where 
the paper was purposely touched. <A 
second set of six strips was carried 
through the usual procedure in the 
descending elution chamber. These 
showed no spots or zones on spraying 
with the indicator, thus confirming the 
purity of the reagents 


Interfering Substances in Low Acid 
Ove rflow Liquor 


Ten strips spotted in replicate with 
0.01 ml of overflow liquor taken from 
two digesters showed only the original 
spot on development with BCG. These 
samples were known to contain less 
than 100 me/I volatile acids 

Three samples of overflow liquor con- 
taining less than 100 mg/l volatile 
acids were brought to 1,000 mg/l vola 
tile acids equivalence with standard 
sodium acetate solution. These were 
set up in triplicate and eluted and de- 
veloped in the usual manner along 
with a control of sodium acetate in 
distilled water, equivalent to 1,000 
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mg/l volatile acids. All 9 checked the 
control in R, value and size of spot. 


Comparison of Ascending, Descending, 
and Horizontal-Centrifugal Elutria- 
tion 


A comparison of separation of the 
volatile acids spot from the original 
spot, 1.e., the spot at the point of ap- 
plication of the sample, showed no ad- 
vantage in the descending method. In 
some 50 strips developed by the ascend- 
ing method the eluent front was 120 to 
130 mm from the starting line after 
4 hr elution while in the same number 
of tests by the descending method the 
eluent front was about 140 mm from 
the starting line in the same time and 
R, values checked satisfactorily. The 
apparatus for the ascending method is 
simpler and less expensive. In the ex- 
periments reported here the chamber 
for descending chromatography was 
relatively large and hence it was dif- 
ficult to maintain saturation of the 
atmosphere with the eluent vapor (11). 

Extensive experiments with a device 
for carrying out horizontal-centrifugal 
elution were unsuecessful due appar- 
ently to the eluent feed which was con- 
trolled by a small orifice (0.003 to 
0.005 in.). Surface tension effeets in- 
A fine capillary 
jet for eluent feed seems to work satis- 
factorily (8 Centrifugal elution, 
when suecessful, is reported to be com- 
plete in 5 to 10 min. The cost of the 
apparatus is a minimum of $250.00. 


terrupted the flow. 


Sensitivity 


As noted above, overflow liquor sam- 
ples showing less than 100 mg/I volatile 
acids showed no yolatile acids spot on 
the chromatogram. To test the sensi- 
tivity at higher concentrations the fol- 
lowing experiment was earried out: To 
samples of the three overflow liquors 
previously showing blanks, standard 
NaAe was added to give an equivalent 
HAec concentration of 600 mg/l. These 
were spotted in triplicate respectively 
with 0.01 ml of sample on 9 strips of 


‘ 
7 
: 


Vol. 32, No. 7 
paper together with one strip spotted 
with 0.01 ml NaAe of the same eon- 
centration. All were elutriated by the 
procedure for six hours, 
with BCG. All 
strips gave well-defined spots on de- 
velopment. The R, values for the over- 
flow liquor samples varied from 0.20 to 
0.23 and the R, value for the NaAe in 
distilled water was 0.23. This is con- 
sidered good agreement. Four sepa- 
rate tests at 600 me/l volatile acids 
with NaAe in distilled water gave well- 
defined spots on development but at 
450 mg/l] volatile acids and below, dis- 
tinet spots failed to develop or were 
fleeting, fading after 30 to 60 seconds. 
This fading was attributed in part to 
a higher than recommended conecentra- 
tion of the developing indicator (2 per 
cent). A l-per cent solution gave 


descending 
dried, and sprayed 


better results and was used in subse- 
quent work. 

Seventeen strips spotted with either 
NaAe or 


CaAey equivalent to 1,000 
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mg/l all showed good spots with proper 
R, for acetic. The one failure was 
known to be due to an eluent which 
was diluted too much. Eleven strips 
run at 500 mg/l equivalent con- 
centration also showed good spots on 
development with BCG. The one fail- 
ure at this concentration was from the 
same run reported immediately above 
as a failure. Seven strips spotted with 
acetate below 500-mg/l HAe equiva- 
lence failed or gave very fleeting spots. 

From these controlled experiments it 
was concluded that the method can be 
relied on to give a positive test with 
volatile acid concentrations of 500 mg/1 
HAec equivalence or higher and that 
there are no interfering substances in 
the digester liquors tested. 


Acid Overflow Liquors 


Five samples of acid overflow liq- 
uors from experimental tanks, together 
with the volatile acid content as de- 


QO 
OQ} O 


FIGURE 1.—An example of chromatograms. 


The bottom line indicates where 


the sample was applied. The top lines represent the height to which the eluent rose 
(eluent front); I, overflow liquor, 0.010 ml CaAc., 1,000 mg/1 volatile acids equiva- 
lence; II, overflow liquor, 0.005 ml CaAc, as in I; III, 0.010 sodium propionate, 
1,000 mg/1 volatile acids equivalence; IV, 0.005 ml laboratory sample, 550 mg/l 
volatile acids; V, 0.010 laboratory sample, 700 mg/1 volatile acids; VI, 0.010 ml lab- 
oratory sample, 726 mg/l volatile acids; VII, 0.005 ml laboratory sample, 1,600 
mg/l volatile acids; VIII, 0.005 ml laboratory sample, 3,500 mg/1 volatile acids; 


IX, 0.005 ml Rumen Fluid; X, 0.01 ml overflow liquor, <100 mg/1 volatile acids. 
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termined by ‘‘Standard Methods’’ pro- 
cedure were used. The chromatograms 
from these samples were developed by 
the procedure deseribed above. 

A well-defined round blue spot ap- 
pears at the point of sample applica- 
tion and to inorganic alkaline 
substances not eluted. 
A light blue is sometimes seen at the 
upper edge of this spot due, presuma- 
bly, to a ‘‘creeping’’ of inorganies. 
The location of the amine salts of the 
volatile appears as light blue 
areas on with the BCG. 
Since the colors fade and the orange 


is due 


acids 


spraying 


background becomes green on standing 
the developed spots are promptly out- 
lined in pencil. 
chromatograms 


Tracings of these 


together with those 
from certain synthetic solutions are 
shown in Figure 1. 

From a study of Figure 1, it is ap- 
parent that at less than 100 mg/l vola- 
tile acids no evidence of volatile acids 
appears but that at 600 mg/l and above 
such evidence clearly appears.  Pres- 
ence of both acetic and propionic acids 
is indicated by R, values in strips IV, 
VI, VII, and VIII. Larson and 
Mueller (12) report acetic and pro- 
pionic in sour tank liquor tested by 
column chromatography. Hindin and 
Dunstan (13) acetic and 
propionic. The appearance of strip V 
is cause for speculation. However, it 
clearly shows a positive test for volatile 
The third or upper spot on 
strip IX is identified as butyrie from 
its R, value. Irregular shapes may be 
attributed to variations in paper tex- 
ture. 


also report 


acids. 


Quantitative Factors 


As noted by Hiscox and Berridge 
(10), attempts have been made to re- 
late the the with the 
amount or concentration of the un- 
known but the authors have failed to 
In the 
work reported here, it has been ob- 


600 me 


size of spot 


find any such simple relation. 


served that at l or above the 
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spot appears within one minute and is 
permanent for a half hour or 
At lower concentrations the spot de- 
velops more slowly or not at all. At 
higher the 
deeper and the spot somewhat larger. 


more, 


concentrations color is 
For a general discussion of the quan- 
titative interpretation of Cg’s the 
reader is referred to Bloek et al. (11). 


Summary 


A chromatographic method for de- 
tecting volatile acids in anaerobie di- 
gesters at 600 mg/l has been deseribed. 
The method also shows the presence of 
propionie and butyrie acids when they 
oceur along with This is not 
accomplished by distillation methods 
except by adopting elaborate proce- 
dures. Data on the presence of pro- 
pionie and butyric acids may be highly 
important in controlling digesters (13). 

Unless or until the chromatographic 
method is developed to a precise quan- 
titative distillation meth- 
ods will required for dealing 
with acid For 


acetic. 


procedure, 
still he 


serious conditions. 


frequent monitoring of digesters, espe- 


cially at times when abnormal condi- 
tions threaten the operation, the sim- 
pler and less time-consuming chroma- 
tographic method will be most useful. 

Variations in the composition and 
the eluent and im- 
standardization of the tech- 
nique offer good possibilities of devel- 
oping a quantitative method along the 
lines of the procedure described above. 
for fu- 


concentration of 
proved 


These are under consideration 


ture study. 
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USPHS TRAINING COURSES 


The Public Health Service has announced a series of training courses and 
meetings to be held at the Robert A. Taft Sanitary Engineering Center in 
Cincinnati. These are available to those having the special interests and quali- 
fications described in the course outlines. 

The courses and outlines are as follows: 


Aug. 15-19 Recent Developments in Water Bacteriology 

Aug. 29-31 Water Quality Measurement and Instrumentation 
Symposium 

Oct. 3-14 Basie Radiological Health 

Oct. 17-21 Radionuclide Protection 

Oct. 17-21 Radiological Health for X-ray Technicians 

Oct. 24-28 X-ray Protection 

Oct. 24-Nov. 4 Plankton Analysis 


Applications and further information may be obtained from the Chief, 
Training Program, Robert A. Taft Sanitary Engineering Center, 4676 Columbia 
Parkway, Cincinnati 26, Ohio, or to a PHS Regional Office Director. 


FLOW EQUATIONS FOR SEWAGE SLUDGES * 


By VAUGHN 


Associate 


Since the sanitary engineer has al- 
ways had a justifiable interest in the 
hydraulics of the various components 
of the sewage treatment process, it is 
not surprising that his investigations 
have included the pipeline transporta- 
the 
finer points of head-loss computation 


tion of sewage sludges. However, 
seem to have aroused less interest than 
the important maintenance problem, 
despite the fact that the piping of 
sludges for long distances is not a rare 
event (1) 

As a result, 
for sizing 


rule-of-thumb 
pipelines seem to 


methods 
prevail 
despite the fact that more sophisticated 
methods made available in 
other fields for fluids at 
plex as sewage sludge. 
The full use of 
quires laboratory 
such 


have been 


least as com- 
methods re- 
investigation until 
sufficient experience is 
gained in the application of the meth- 
This paper has been prepared 
as a review of the technology of flow 


these 
time as 
ods. 


of non-Newtonians, with special em- 
phasis on sewage sludge. 

A non-Newtonian is defined on the 
basis of failure to obey Newton's equa- 
That 
is, a simple proportionality does not 
exist and 
rate. The technique for analyzing the 
pipeline flow of non-Newtonians may 
be based on the shear stress-shear rate 
relationships which do 
completely unspecified relationships. 

In any case, the study of non-New- 
tonians usually involves at least two 


tion of viscosity in laminar flow. 


between shear stress shear 


exist, or on 


flow parameters. This is in contrast to 


* Presented at the 32nd 
Federation of Sewage and 


Annual Meeting, 
Industrial Wastes 


Assns.; Dallas, Tex.; Oct. 12-15, 1959 


Professor of Civil Engineering, University of De laware, 


C. Benn 
Vewark, Del, 
which is 


the 
and 


a Newtonian such as water 
flow 
both 


non-Newtonians, the 


specified by one parameter, 


viscosity. For Newtonians 


flow parameters 
are determined experimentally by the 
use of viscometers. In this report, 
special attention is given to the eapil- 
lary and rotational the 
latter restricted to the type which has 
an inner bob rotating 


cup. These two types of viscometers 


viscometers, 


and an outer 
are now recognized as yielding equiva- 
lent basic data on flow properties. 

For those non-Newtonians whose 
flow characteristies are independent of 
time, a variety of techniques is avail- 
able to 
tions. 


make pressure drop caleula- 
Essentially, the procedures par- 
allel those used with Newtonians. For 
example, generalized Hagen-Poiseuille 
and Reynolds Number equations may 
be found which actually reduce to the 
more familiar Newtonian form as a 
special case. 

These equations take varying form 
depending on the basic mathematical 
model 


used to define the shear stress- 


shear rate relationship. Equations of 


a generalized nature have also been 
derived which are not predicated on 
a particular mathematical model. 

In general, it may be said that the 
procedures parailel those available for 
Newtonians such as water, except that 
the question of pipe roughness is less 
fully developed and, perhaps, less im- 


portant in a practical sense. 


History of Investigations 


Possibly the first important investi- 
gation in this country concerning the 
problem of loss in 


computing head 


pipelines used to carry sewage sludge 
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In addition 
to certain experimental work, this re- 
port analyzed all available data and 
that 
like water at high 


law of 


was reported in 1929 (2). 


concluded sludge behaves more 


that 
could be 


velocit ies, but 


in veneral no flow 


found. In a discussion of this report 
Clifford (3) dissented, claiming that 
the committee ‘‘builded better than 
they knew.’’ Clifford recommended 
that further work be done on the 


physical qualities of sludges with the 
objective of utilizing a friction factor- 
Reynolds Number plot. In 1938 Hat- 


field (4) attempted to enlarge on Clif- 


ford’s suggestion, supporting his work 
by extensive experimentation with a 
rotational This work was 
limited by the choice of a single flow 
property, the apparent viscosity. Nev- 
ertheless, his important 
early contribution to the flow prop- 


viscometer. 


work is an 


erties of sewage sludges. 

Credit for the first actual attempt to 
use a generalized flow equation in con- 
nection with sewage sludge must go to 
Merkel (5). In this work, there is the 
first recognition of viscometric work 
as related to the sizing of pipelines 
How- 
ever, the work does leave the impres- 
sion that the value of the viscometric 
analysis is as a qualitative guide to 


used to carry sewage sludge. 


friction losses in actual piping situa- 
tions. This was probably not an un- 
reasonable conclusion for the time. 
While Merkel first recognized the 
value of the application of the scien- 
tific work being done in the field of 
rheology, it remained for Babbitt and 
Caldwell (6) to make the first quantita- 
tive application of the science of rhe- 
ology to the engineering problem of 
Not only 
remained the 
basis for current sanitary engineering 
textbook treatment of this subject (7) 
(8), but it is also an important paper 
in the entire non-Newtonian field be- 


transporting sewage sludges. 
has this classic study 


introduced con- 
cerning the onset of turbulence (9). 
Sinee the publication by Babbitt and 


cause of basic ideas 
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Caldwell, much progress has been made 
generally in the approach to sizing of 
pipelines for carrying non-Newtonians 
(9). Generally, however, this progress 
does not seem to have received critical 
notice in the sanitary engineering lit- 
erature. Some experimental work has 
been reported without reference to 
flow characteristics (10) (11), 
and Wirts (12) has presented a par- 
ticularly interesting study of the basic 
problem of pumping sludges for long 
distances. Papers enlarging on the 
work of Babbitt and Caldwell seem to 
be limited to that of Chou (13), while 
no source has been located which takes 
advantage of the number of issues 
clarified since Babbitt and Caldwell’s 
study. 


basic 


Classification of Fluid Behavior 
Ideal Fluid 


An ideal fluid is one which offers no 
resistance to tangential shearing forces. 
That is, there is no friction involved. 
Even when an ideal fluid is in motion, 
the forces at any internal section are 
all normal to Thus, all 
forces in an pressure 


the section. 
ideal fluid are 
forces. 

These facts are best illustrated by a 
hypothetical experiment (since an ideal 
fluid does not exist in reality). The 


TORSION WIRE 
DIAL POINTER 


OUTER CUP 
INNER 


BoB | FLUID 


FIGURE 1.—Rotational viscometer. 
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TABLE I.—-Shear Stress—Shear Rate 


Relationships 


Apparent 
Viscosity 


Fluid 
Perfect = 0 
Newtonian 


Bingham 
Plastic 


Pseudo- 
plastic 


Any time- 
indepen- 
dent. fluid du 
di 


fluid is enclosed between the cup and 
the bob in a rotational viscometer simi- 
lar to that Figure 1. The 
outer cup is supported and is rotated 
at an angular velocity Q. Since there 
is no resistance to shear, the dial at- 
tached to the inner bob will not move 
and will, therefore, show no deflection. 
The shear noted in 


Table I. 


shown in 


stress iS zero as 


Newtonian Fluids 


An entirely different result is ob- 
tained the experiment is re- 
peated with any fluid. With 

constant fluid temperature and 
speed, the inner bob will eventually 
come into equilibrium in a_ position 
deflected This de- 
flection, when within the elastic limits 


when 
real 
cup 


from the original. 
of the torsion wire, is proportional to a 
torque, which is, in turn, proportional 
to the shear stress within the fluid. 
Kor any fluid, then, a 
stress exists, and this is a function of 


real shear 


shear rate. Experiments with a large 
group of low molecular weight liquids, 
including water, have demonstrated that 
in laminar flow this relationship is a 
simple shown in 
Table I for a Newtonian liquid. The 
constant of proportionality is a meas- 


proportionality as 
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ure of resistance to deformation, and is 
Those fluids 
whose behavior is specified by the equa- 


known as the viscosity. 
tion are known as Newtonians. 


Non-Newtonian Fluids 


non-Newtoni- 
For many fluids in laminar flow 
simple between 
shear rate not 
exist. These fluids are, therefore, clas- 
sified as non-Newtonians. <A further 
classification of non-Newtonians may 
be made on the basis of whether or not 
the relationship between shear stress 
and shear rate is independent of time. 

For time-independent non-Newto- 
nians the relationship between shear 


1. Time-independent 
ans. 
the proportionality 


and shear stress does 


stress and shear rate is best denoted on 
an arithmetic plot as in Figure 2. In 
this figure, three types of non-Newto- 
nians are shown in contrast to a New- 
tonian. The which most 
closely resembles Newtonian flow is 
that of the Bingham Plastic. The 
difference is that fluid movement is not 
initiated until a yield value of shear 
This type of be- 
havior is easily expressed mathemati- 
cally as shown for the Bingham Plastic 
in Table I. 

Possibly the greatest number of non- 
Newtonians that group of 
fluids whose behavior is noted in Fig- 
ure 2 as pseudoplastic. For a large 
number of pseudoplastics, the data 
from Figure 2 will plot as a straight 
line on paper. When this is 
so, the relationship between shear stress 


category 


stress is overcome. 


belong to 


log-log 


and shear rate is given by a power 
function of the type shown for pseudo- 
plastic in Table I. Still another class 
of non-Newtonians, the dilatant fluids, 


exhibits a behavior which is opposite 


to that of the pseudoplastie fluids. 
The dilatant fluids are of less im- 
portance commercially (9), and ap- 
parently do not appear in waste treat- 
ment. The relationship between shear 
stress and shear rate for dilatant fluids 
is also noted in Figure 2. 

sometimes 


For analysis it is con- 


dy 

-{du\" 
K 

é dy dy * 

du 
r= F 4 du 

dy 
G(r) 
dy dy 
’ 
4 
as 
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T = SHEAR STRESS ——> 


IDEAL FLUID 


u 


d 
dy 


venient not to attempt to define the re- 
lation between shear stress and shear 
rate except to say merely that one is a 
function of the other. This is indi- 
cated for any time-independent fluid 
in Table I. 

2. Time-dependent non-Newtonians. 
Occasionally fluids exhibit a shear rate 
which is not constant with fixed shear 
and temperature. When this 
behavior is reversible, and the slope of 
the flow curve of the type shown in 
Figure 2 decreases with time, the ma- 
terial is said to be thixotrophic. <A less 
common phenomenon involves virtually 
the opposite of this behavior which 
the liquid as a_ rheopectie 


stress 


classifies 


fluid. 


= SHEAR RATE——> 


FIGURE 2.—Fluid flow curves. 


Occasionally thixotrophy has been 
erroneously accredited to Bingham 
Plastics with high yield stresses (14). 
Also, there are reported instances 
where experimental errors have led 
falsely to the conclusion that thixo- 
trophy was present (9). Possibly in 
the final analysis thixotrophy is closely 
related to pseudoplasticity with the 
presence of a time lag in the develop- 
ment of pseudoplastic properties (9). 

3. Apparent viscosity. Occasionally 
workers in the field of rheology find it 
convenient to utilize the apparent vis- 
cosity, which is defined as the ratio of 
shear stress to shear rate. For a New- 
tonian it is evident that the apparent 
viscosity is the true viscosity. For 
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non-Newtonians the apparent viscosity 


will usually involve two flow param- 


eters, as may be seen by inspection of 
the last 
implication of 


the equations in column of 
Table The 
equations has been noted by 
(9), 


is meaningless for non-Newtonians un- 


these 
Metzner 
who states that the term viscosity 
less the shear rate or shear stress to 
which this 
stipulated 
4. Sewage 
nian. 


viscosity is referred is 


non-Newto- 
The literature on non-Newtoni- 


sludge as a 


ans in general classifies sewage sludge 
Plastic. The origin of 
categorization is apparently the 
Babbitt Caldwell (6). 
The fiow equations presented in that 


as a Bingham 
this 
work of and 
work are all based on plastic behavior. 
One interesting factor is that literature 
not written especially for sanitary en- 
distinguish between 
This 
surprising, since Babbitt and Caldwell 
the fact that their 
based primarily on 


gvineers does not 
types of sewage sludges. is not 
do not accentuate 
conelusions were 

with digested 
activated sludges was lim- 
the results similar to 
water. Raw primary 
limited testing, 
and were analyzed as Bingham Plas- 


ties. 


experiments sludges. 
Testing of 
ited, and 


those for 


were 


sludges also received 
Nevertheless, it might be unwise 
to project the limited results on raw 
sludges to any implied conclusion. In 
this respect, one might note that Brit- 
ish practice toward pipeline 
transportation in digested rather than 
raw form, although this 
great part due to a desire to 


clogging (15 


leans 


may be in 
avoid 
The work of Merkel (5) also tends 
to support the contention that sewage 
sludges are Bingham Plasties, since he, 
too, was interested in applying the type 
of analysis predicated on plastie flow 
behavior. Merkel did not test activated 
did 


digested 


sludges, but find a difference be- 


tween and partly digested 


sludges in his viscometer data. 


Hatfield’s visecometrie data, which 


were collected on unstirred samples, 
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show a Bingham Plastic-like behavior 
for both raw and digested sludges (4). 
He also found that 


were more Newtonian in behavior than 


activated sludges 


other sewage sludges. 

All of these workers were concerned 
with evidences of thixotrophy, although 
only Hatfield 
quantitative data. 


gives any substantial 
Sabbitt and Cald- 
well took special precautions to elimi- 
nate thixotrophie effects, and in Merk- 
the due to 
thixotrophy was not great. Later 
Wolfs attempted to determine the 
thixotrophie effect in actual pumping 
tests and that it 
nificant very 

In summary, the weight of evidence 
seems to Plastie 
behavior for digested sewage sludges. 
However, the pseudo- 
plastic and even some thixotrophie be- 
havior also exists. The same might be 
for raw sludges although this is 
less well supported. Activated sludge 
is apparently much more Newtonian 
in behavior. 

The for much more experi- 
mental testing is more than apparent. 
In this respect the influence of such 
variables as gas content, concentration, 
ete., is indeed very little known. These 
factors may be of importance in caus- 
ing an apparent thixotrophy. 


el’s discrepancy 


concluded 
only at 


was sig- 


low velocities 


indicate a Bingham 


possibility of 


said 


need 


Capillary Viscometer 


General 


The capillary viscometer has been 
used with for obtaining 
the flow prop- 
erties of non-Newtonians. The experl- 
mental work is applied to equations 
which the laminar flow 
behavior of the fluid in the capillary. 
For of the useful 
equations have been tabulated in Tables 
Il and Ill. Not all of these equations 
have actual utility, but they are in- 
cluded for the of inereasing 
the general understanding of the more 
useful equations. 


some Success 


basic information on 


demonstrate 


convenience some 


purpose 
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TABLE II.—Shear Stress—Shear Rate 
Relationship for Capillary Viscometer 


Fluid Relationship 


Newtonian 
dr 

_dv 
dv\" 

K( 

dv 
Gir) -(-7) 


The column of equations in Table II 
lists the shear stress-shear rate rela- 
tionship in a conduit. These equations 
are, of course, particular applications 
of the last four equations in Table I. 
The first column in Table IIT lists the 
relationship between 8V/D and the 
shear stress at the pipe wall, ty. 7. is 
directly related to pressure drop and, 
furthermore, should not change with 
constant 8V/D. 

When the fluid is a Newtonian, 8V/D 
is actually the shear rate at the wall, 
as may be seen in the second column 
of Table III. This is not true with 
non-Newtonians, but a_ relationship 
may be derived as indicated by the 
listing of equations. 

One other aspect of these equations 
is that they permit an interpretation 
of the quantities K, AK’, n, and n’. In- 
spection of the equations in the first 


Bingham Plastic 


Pseudoplastic 


Any time-independent fluid 
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column of Table III reveals that if 
n=n’'=1 and K = K’=~, then the 
equations for a pseudoplastic fluid and 
any time-independent fluid reduce to a 
Newtonian fluid. Therefore, n and n’ 
represent the departure from Newto- 
nian flow, while K and K’ represent a 
resistance to flow. For this reason n 
and »’ have been termed flow-behavior 
indexes, while A and K’ are termed 
flow consistency indexes (9). 


erivation of Equations 
D t f Eq 


The technique for developing lami- 
nar flow equations for application to 
the capillary viscometer are similar 
regardless of the fluid. While it is not 
the purpose of this paper to demon- 
strate the solution of all equations 
given, the general procedure may be of 
interest. References are given in the 
tables which have been found useful 
in reconstructing the equations. 

The first step in the procedure is to 
obtain the general relationship for 
shear stress versus shear rate in a form 
specific for a circular conduit. This 
has been done, for example, in Table 
Il. The resulting differential equation 
is then solved for the point velocity v 
in terms of the radial distance r at any 
point in the conduit. 

To accomplish this solution, the re- 
lationship between the two unknowns, 


TABLE III.—-Laminar Flow Equations—-Capillary Viscometer 


Fluid | Relationship between Expression for 
re* and 8V/D ( —dv/dr)w 
; 8V w 8V 
Newtonian D D 
|. "Sry fry\* 8V 
Bingham Plastic [1 +; ( 
Ste 3\ rx 
Pse lo F stie (9) (17) = - 
( 4n YC) 4Dn 
Any time-independent _ 8V (3n'+1) 
fluid (9) (18) (19 4Dn’ 


_ DAP 


Te= 


rw) 
i= 


a(in 8) ) 


4 
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TABLE IV.—Form of Hagen-Poiseuille 
Equation for Laminar Flow in 


Capillary 
Fluid Equation 
AP 
Newtonian =p 
, AP 32nV[, , tyD 
Bingham Plastic =p [1 
AP 4 


Pseudoplastic 20 


Any time-indepen- 
dent fluid (6 L Dw 


* Equation derived by neglecting last term 
of equation for Bingham Plastic in 
column of Table IIT. 


second 


shear stress and radial distance, must 
be found. This is accomplished by 
making an equilibrium force balance 
on a eylindrical element of fluid. 

rAP 
T (1) 


or OL, 


r(2ar)L 


The last equation in Table III is, of 
course, a particular application of 
Equation 1. 

When the point 
found, an equation involving the mean 
velocity V is obtained by substitution 


in the following equation. 


velocity has been 


ru 
f v(2Qar)dr. (2) 
0 


After the double 
scribed, equations of the type listed in 
the first column of Table III are found 
by algebraic manipulation which usu- 
ally involves reintroduction of Equa- 
tion 1. 
relatively simple equation for a New- 
tonian. While this particular equation 
is not familiar, it leads directly to the 
familiar Hagen-Poiseuille equation. 
When the original differential equation 
the 
double integration will usually be more 


integration de- 


This procedure results in the 


is more complex, the results of 
complex as in the case of the equation 
for the Bingham Plastic. This will be 
Buckingham 
Babbitt 


recognized as the 
tion made 


Caldwell (6 


equa- 


familiar by and 
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Forms of Hagen-Poiseuille Equation 


Modified the Hagen-Poi- 
seuille may be easily ob- 
tained by combining the last equation 
in Table III with any of the equations 
of the first in the same table. 
The results as listed in Table IV are 
therefore of use, subject only to the 
requirement of laminar flow. 


forms of 
equation 


column 


Rotational Viscometer 
General 


A device 


sidered 


which is generally 
the capillary 


viscometer is the rotational viscometer. 


con- 


equivalent to 


Discussion of this type of viscometer 
will be limited to the type which has 
stationary bob and _ rotating 
depicted in Figure 1. 

The equations developed to study the 
flow in a 


cup as 


rotational viscometer are 
that and, of 
course, may not be applied directly to 
flow in pipes (as is the case with the 
capillary viscometer). However, flow 
parameters obtained from rotational 
viscometers may be used in pipeline 
calculations. 


specific for viscometer 


For convenience, the flow equations 
have been tabulated in Tables V and 
VI. Table V the shear stress- 
shear rate relationship in a concentric 
viscometer, while the first column of 
Table VI the viscometer flow 
equation for different types of behav- 
ior. In the second column of Table VI 
are listed the 


vives 
vives 


various equations by 


TABLE V.—Shear Stress—Shear Rate 
Relationship for Rotational 
Viscometer 


Fluid 


Relationship 


( nin) =G(r 


Newtonian. . 


Bingham Plastic 


Pseudoplast ie 


Any time-independent fluid 


K 
L L n | Dirty 
| 
| 
go 
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dR 


dvr 


Expression for Shear Rate at Bob, ( 


-Laminar Flow Equations for Rotational Viscometer 
(Bob stationary, cup rotating) 


Flow Equation 


TABLE VI. 


Fluid 


M 


Newtonian 


Bingham Plastic (16) (17) 


nll — 


Pseudoplastic (16) (17) 


dm 


(In 


Q 
m?(in S)? 


3 


In S +min S+ 


dm 
d(in r;) 


)2 
3 


(In: 


)2 


InS 


(ins 
3 


+m in S+ 


Any fluid (20) (21) 


d(in 


d(InQ)* 


which the shear rate at the bob may be 
calculated. 


Derivation of Flow Equations 


The starting point in the develop- 
ment of the equations for the rota- 
tional viscometer is the equation which 
defines shear stress-shear rate rela- 
tionship. In this case the final equa- 
tions involve a single integration, usu- 
ally in terms of the cup speed Q. The 
solution requires that the relation be- 
tween shear stress r+ and radial dis- 
tance R be found. This is accomp- 
lished by an equilibrium force balance. 
This technique was used previously to 
obtain Equation 1, but now a cylindri- 
cal section is taken whose radius R is 
greater than that of the bob but less 
than that of the cup. 


M 

M =7(2eRI)R or +r = (3) 

The equations in the first column of 
Table VI are the results of the integra- 
tion of the differential equations listed 
in Table V. In the case of the equa- 
tions in Table VI for a pseudoplastie 
fluid and any fluid it is also necessary 
to ascertain the relationship for n given 
in Equation 3. This latter equation 
is developed in connection with analy- 
sis of fluids of unspecified shear stress- 
shear rate relationships. 

Of interest is the fact, demonstrated 
by Rankin (22), that the equation for 
a pseudoplastic is equivalent to that for 
any fluid, when the last term in the 
brackets in the latter is omitted. 


Transition from Laminar to 
Turbulent Flow 

General 

With Newtonians, the accepted 
method for determining whether lami- 
nar or turbulent flow exists is by eal- 
culation of the Reynolds Number. Fur- 
thermore, pressure drops can be cal- 
culated by entering into established 
plots of Reynolds Number versus fric- 
tion factor. When applicable, rough- 


| 
| 
| 
> 
| 
& 
- & 
& 
Sls 
| 
N 
| 
| } 
| 
| 
: o Ine 
= | 
= 
ona 
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| | = 
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< 
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: 
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TABLE VII. 


Fluid 


Pressure Droy 


AP 
Newtonian 


Bingham AP 


Pseudoplastice 


L =¢(D, V, 


Any time- inde- 
pendent 
fluid (9) 


Reynolds Number 


Nr 


July 1960 


Pressure Drop, Reynolds Number, and Friction Factor Relationships 


Fanning Friction Factor* 


_VDp 


* Nre is that given on same line in previous column. 


Nue = Hedstrom Number = 


” 


ness coefficients are utilized on these 
same plots. 
Non-Newtonians 


sludge may be analyzed on somewhat 


such as sewage 
the same basis, as suggested by Clif- 
ford (3) many years ago. Techniques 
for accomplishing this have much im- 
proved, especially in recent years. 
However the analogy at present does 
not extend to 


Roughness may not be as important as 


flow in rough pipes. 
with Newtonians, although this point 
further clarification. 
case, this discussion of non-Newtonians 
will be limited to flow in smooth pipes. 


needs any 


Modified Reynolds Number 


Modified Reynolds Numbers may be 
determined for all time-independent 
non-Newtonians, regardless of whether 
or not the shear stress-shear rate rela- 
To illustrate this, 
Reynolds Numbers for various eondi- 
tions have been tabulated in the second 
column of Table VII. 

Only one non-Newtonian, the Bing- 


tionship is specified. 


ham Plastic, is analyzed in a manner 
which is directly analogous to the di 
with New- 
reasoning 
is applied to a Plastie, the 
friction factor is observed to be a fune- 


reasoning used 


mensional 
tonians. When dimensional 


Bingham 


tion of two dimensionless groups, the 
Reynolds and Hedstrom Numbers. The 


actual relation between the Fanning 
friction factor, and these two numbers 
is given in the third column for Bing- 
ham Plastic in Table VIL. This equa- 
tion is another form of the equation 
shown in Table III for Bingham Plas- 
tic. 

The Reynolds Number for pseudo- 
plastic flow is determined by compar- 
ing the usual relationship between 
Reynolds Number and fraction factor 
in laminar flow with the modified 
Hagen-Poiseuille equation in Table IV. 
This same procedure is also used to 
obtain the Np, 


stress-shear 


for fluids whose shear 
rate relationship un- 
specified. This latter Reynolds Num- 
which is given in Table VII for 
any time-independent fluid has been 
utilized by Metzner in the analysis of 
a number of non-Newtonians (9). 
Metzner found that laminar flow 
will usually cease at Reynolds Num- 
bers from 2.100 to 2.800. 
number 
friction factor of 0.008. 
the transition zone will extend to a 
Reynolds Number of 70,000. In this 
Metzner caleula 
tion of the 


ber, 


has 


The lower 
is equivalent to a Fanning 


Furthermore, 


region, suggests the 


Kanning friction factor 


by the empirical equation 


0.125 


f 0.00140 + - 
(Nr. 


Re 

n Nr 16  3f* N Re” 

6n +27" N Re 

K- 

n 

=o(D, \ K', n’ Nre= 
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Calculation of Pressure Drop 
General 


From an engineering standpoint, one 
of the important aspects of the study 
of flow properties of non-Newtonians 
is to be able to make reasonable pre- 
dictions of pressure drop for given 
flows and pipe diameters. Several al- 
ternative procedures are available for 
such caleulations. The selection of 
procedure depends on such factors 
as the type of flow behavior and flow 
regime. 


Laminar Flow 


Possibly the most straightforward 
method for laminar flow is to scale up 
to plant size from log-log plots of lab- 
oratory capillary viscometer data. The 
actual plot involves DAP/4L versus 
8V/D and the made at 
constant V/D. This procedure is based 
on the equation in Table IIL for any 
time-dependent fluid. 

When it must be confirmed that lam- 
inar flow exists, it is preferable to use 
this equation to ealeulate K’ and n’. 
Then the Reynolds Number can be 
calculated from the equation for any 
time-dependent fluid shown in Table 
VII. When the existence of laminar 
flow is confirmed, the modified Hagen- 
Poiseuille equation in Table [V may be 
utilized to compute pressure drop. 

When rotational viscometer data are 
available, equations specific for this 
instrument utilized to obtain 
paired values of shear stress and shear 
rate (at the bob). When these data 
plots as a straight line on arithmetic 
paper, the fluid is a Bingham Plastie. 
When the data plot as a straight line 

the material 
pseudoplastic. 


scale up is 


may be 


is a 
The 
appropriate flow-behavior indexes can 
then be taken direetly from the plots 
and used with the modified Hagen-Poi- 


on log-log paper, 


power function 


seuille equations. Otherwise, graphical 


integration is required or the data 


must be tested in the capillary viseom- 
eter. 
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When it is known that the fluid is a 
Bingham Plastic or a power function 
pseudoplastic, it is frequently best to 
utilize the specific equations for this 
type behavior. When the fluid be- 
havior is unknown, the best procedure 
would seem to involve utilization of 
the equations which do not specify 
shear rate-shear relationship. 
This latter procedure would seem to be 
the best approach for sewage sludges 
until such time as the type of flow 
behavior has been more explicitly 
established. 


stress 


Transient and Turbulent Flow 


When transition zone or turbulent 
flow is expected, the situation clearly 
calculation of the modified 
Reynolds Number as given in Table 
VII for any time-dependent fluid. As 
noted previously, Metzner sug- 
gested Equation 4 for computing the 
Fanning friction factor. This may 
then be used in the conventional man- 
ner for computing head loss. When 
the generalized Reynolds Number is 
greater than 70,000, fully developed 
turbulent flow should be present. Since 
most workers have demonstrated that 
the conventional procedures used for 
Newtonians have more validity in tur- 
bulent flow, conventional procedure 
may apparently be followed with rea- 
sonable accuracy. 

When the fluid is definitely specified 
as a Bingham Plastic, the unique rela- 
tionships for such a fluid may be con- 


suggests 


sidered. The Reynolds Number as 
shown in Table VII for a Bingham 


Plastic and the Hedstrom Number as 
shown in the same table may be com- 
puted. By utilizing a plot of Reynolds 
Number versus Fanning friction faetor 
as modified by the equation in Table 
Vil for a Bingham Plastic, it is pos- 
sible to judge simultaneously the flow 
regime and read off the factor (9). 
Once again, in highly developed tur- 
bulent flow the non-Newtonian behaves 
more like the Newtonian. The inter- 
pretation is then that the Hedstrom 


Number is of less significance in tur- 
bulent flow, which is verified by the 
aforementioned plot. 

the role of 
roughness in pipes carrying non-New- 
tonians in the turbulent flow range is 
not yet 
strides in 


As mentioned earlier, 


clearly understood. Some 
the direction of 
understanding of this phenomenon have 
been made, however 3). The com- 
plete this problem will 
greatly improve the already valuable 
techniques described for the sizing of 
pipelines to transport sewage sludges. 


increased 


(23 


solution of 


Summary and Conclusions 


The problem of designing pipelines 
to carry sewage sludges (like all other 
transport phenomena in which sludges 
are involved) involves the fundamental 
flow properties of the sludges. Like 
many suspensions and high molecular 
weight are 
not defined respect to flow be- 
havior unless at least two flow param- 
eters are specified. 


solutions, sewage sludges 


with 


This characteristic 
is associated with the departure, under 
laminar from New- 
ton’s simple equation of viscosity, and 


flow conditions, 
earns for the material in question in- 
clusion in the category of non-Newto- 
nian fluids. 

By definition, therefore, non-Newto- 
nian fluids do not exhibit the straight 
proportionality shear 
and shear rate found in laminar New- 
tonian flow Also, the flow 
parameter, viscosity, which suffices for 
Newtonians is inadequate for non-New- 
tonians. 


between stress 


single 
The simple equation of vis- 


therefore, replaced by an 
equation involving shear rate and shear 


cosity is, 


stress and as stated, at least two flow 
The type of behavior 
dictates the form of the 
basic shear stress-shear rate equation 
utilized. 


classification of 


parameters. 
encountered 


This leads in turn to a sub- 
flow. 
In this report two types of non-New- 
tonians, the Bingham Plastie and the 
pseudoplastic, have been given special 
attention because of evidence that sew- 


non-Newtonian 
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age sludges may be reasonably elas- 
sified as such. 

For these two classifications, mathe- 
matical models of the shear stress-shear 
rate relationships are available. These 
equations may be integrated for the 
boundary conditions imposed by eapil- 
The 


resulting equations contain the basic 


lary and rotational viscometers. 


flow parameters, and thus an avenue is 
opened for the experimental determina- 
tion of these parameters. Further- 
more, it is possible to derive modified 
Hagen-Poiseuille and Reynolds Num- 
bers which permit the calculation of 
pressure drop by the usual techniques. 

Most importantly, similar equations 
can be derived without specifying shear 
The re- 
sults are, therefore, completely general- 
ized. Due to a relatively broad ap- 
plication with miscellaneous non-New- 
tonian fluids, some empirical relation- 


stress-shear rate relationships. 


ships are available between friction 
factor and generalized Reynolds Num- 
ber. Therefore, with the aid of vis- 


cometry, some estimates can now be 
made of pressure drops in pipelines 
used to carry sewage sludges. 

With the aid of further research, it 
may become possible to specify quan- 
titatively the appropriate flow param- 
eters, and demonstrate their modifica- 
tion under different conditions of tem- 
perature, solids content, gas content, 
ete. Such research should par- 
ticularly rewarding, since these flow 
parameters, as stated, have wide ap- 


prove 


plication in the transport phenomena 
in which sludges are involved. 
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APPENDIX—NOMENCLATURE 


Description 


Differential operator 


Shear rate in general terms 

Shear rate in pipe or capillary 

Shear rate at wall of pipe or capillary 
Shear rate in rotational viscometer 


Shear rate at bob in rotational viscometer 


Diameter of pipe or capillary 
Fanning friction factor 
Denotes functional relationship 
Denotes functional relationship 


Fluid consistency index for power function pseudoplasties 


Fluid consistency index for fluids of unspecified shear 
stress-shear rate relationships 

Equivalent length of viscometer bob 

Length of pipe or capillary 

Inverse of n 

Torque 

Flow behavior index for power function pseudoplasties 

Flow behavior index for fluids of unspecified shear stress- 
shear rate relationship 

Hedstrom Number 

Reynolds Number 

Pressure drop 

Radial distance in pipe or capillary 

Radius of pipe or capillary 

Radial distance in rotational viscometer 

Radius of bob in rotational viscometer 

Radius to cup in rotational viscometer 


Shear rate in rotational viscometer 


Ratio of R. to R, 

Local velocity, general 

Local velocity in pipe or capillary 
Local velocity in rotational viseometer 
\verage velocity in capillary or pipe 
Linear distance 

Coefficient of rigidity of a Bingham Plastic 
Coefficient of viscosity of a Newtonian 

Shear stress 

Shear stress at capillary or pipe wall 
Mass density 

Yield value of shear stress 

Denotes function 


Angular velocity relative to bob in rotational viscometer 


Angular velocity of cup relative to bob 


The units specified below are in the 


Dimension 


None 


L 
None 
FL 
None 


None 
None 
None 
FL- 


= 
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Industrial Wastes 


THE SELECTIVE STIMULATION OF RESPIRATION 


IN MIXED CULTURES OF BACTERIA AND 


The most important single character- 
istic from the standpoint of ‘waste- 
water treatment and water pollution 
control is the amount of oxygen utiliza- 
tion due to the aerobic action of bac- 
teria and protozoa feeding on the or- 
ganic constituents of the wastewater. 
The standard procedure for evaluating 
this oxygen requirement is the bio- 
chemical oxygen demand (BOD) de- 
termination. 

In 1958, Busch (1) presented a 
theory stating that the process of bio- 
logical oxidation of soluble organie sub- 
strates involves (a) conversion of the 
substrate into cell substance with vary- 
ing degrees of synthesis, and (b) the 
utilization of this stored cell material. 
The latter phase involves both the 
oxidative organisms and predator or- 
The intent 
of this investigation was to continue 
the work initiated by Busch by study- 
ing the selective stimulation of respira- 
tion and the simultaneous inhibition of 
assimilation in mixed cultures of bae- 
teria and predator organisms as found 
in a typical raw sewage used as seed 
in BOD determinations. The relation 
between respiration and assimilation is 


ganisms such as protozoa. 


* Presented at the 14th Industrial Waste 
Conf., Purdue University; Lafayette, Ind.; 
May 5-7, 1959. 
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presented diagrammatically in Figure 
1. 
Recent Work 


Inhibitory Studies 


Working with the colorless alga, 
Prototheca zopfii, Barker (2) observed 
an oxygen consumption of only 30 per 
cent of that theoretically required for 
the oxidation to carbon dioxide and 
water of the glucose disappearing from 
the medium. A similar behavior was 
observed with other substrates with 
variations from 50 to more than 80 
per cent of the carbon assimilated, 
depending on the substrate used. 
Barker concluded, ‘‘. . . the process of 
assimilation of these compounds pro- 
ceeds in two experimentally distinct 
stages. The first, which has been called 
the primary process of assimilation, 
consists of an oxidative conversion of 
the substrate into a carbohydrate which 
is stored in the cells as glycogen. The 
formation of this carbohydrate is rapid 


Carbon dioside 
Woter 


Assimilation 
(Syntnesis) 


Bacteria 
Soluble Organic + | Mineral Nutrients 
Compounds Oxygen 


inhibition of Assimiletion 

increases extent of completion 

of Respiration New bocteriol cell 
material 


FIGURE 1.—Relation of respiration 
to assimilation. 


€ 
2 


compared to its subsequent decomposi- 
tion in the process of cell synthesis 
which constitutes the second state of 
assimilation.” 

Giesberger (3) observed that hy 
droxy, keto, and dibasic acids as well 
as the simpler acids and alcohols were 
not oxidized to completion by the dif- 
ferent species of Spirillum he studied. 
In addition, he pointed out that as- 
similation may occur to different ex- 
tents in the same substrate with dif- 
ferent species of the genus Spirillum. 
Incubating Pseudomonas calcoacetica 
and Escherichia coli in the presence of 
different substrates, Clifton (4) noted 
that regardless of the initial concen- 
tration of substrate, or of organisms, 
and of the presence of end products of 
respiration in the suspension medium, 
the same general pattern of oxidative 
assimilation was observed. Clifton (5) 
observed that the oxidation of various 
substrates by Pseudomonas calcoacetica 
in a phosphate buffer tended to proceed 
to completion in the presence of appro- 
priate concentrations of sodium azide, 
or 2,4-dinitrophenol, both of which are 
inhibitors of assimilation processes. He 
also studied the effects of different con- 
centrations of these inhibitors. It ap- 
pears that the processes of respiration 
and assimilation are closely related and 
influenced by the same agents. Clifton 
concluded that low concentrations of 
the inhibitors initially inhibit respira- 
tion slightly and simultaneously par- 
tially prevent synthesis. Critical eon- 
centrations of the inhibitory agent sig- 
nificantly prevent synthesis and force 
the reaction in the direction of eom- 
plete oxidation to carbon dioxide and 
water, the rate of oxygen consump- 
tion being somewhat further redueed. 
Higher concentrations of the inhibitors 
reduce the rate of respiration to a 
negligible value. 

Further observations of inhibition 
were made by Clifton and Logan (6 
using Escherichia coli in demonstrat- 
ing that sodium azide and 2,4-dinitro- 
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phenol in suitable concentrations tend 
to increase the oxidation of acetate, 
lactate, pyruvate, glycerol, fumarate, 
succinate, and glucose. From this in- 
vestigation, it appears that the as- 
similatory reactions are funetions of 
the chemical constitution of the sub- 
strate rather than of the free available 
energy of the substrate. Pickett and 
Clifton (7) obtained data which in- 
dicated that the effect of sodium azide 
and 2,4-dinitrophenol on the oxygen 
utilization in the presence of glucose 
varied not only between species of an 
organism but also within a given spe- 
cies. Therefore, these authors sug- 
gested that the inhibitory agents act 
on more than one enzyme, or enzyme 
system, and the inhibition of assimila- 
tion probably results from the blocking 
of a series of enzymatic reactions. 

The effect of various concentrations 
of 2,4-dinitrophenol on the activity of 
activated sludge in relation to the op- 
eration of sewage treatment plants was 
studied briefly by Rich and Yates (8). 
Both stimulatory and inhibitory effects 
appear to be reversible in the oxida- 
tion of synthetic sewage. The stimula- 
tion increased with increasing 2,4-di- 
nitrophenol concentrations during short 
periods of aeration, but for coneentra- 
tions as low as 5 mg/I the 2,4-dinitro- 
phenol tended to inhibit the activity 
as the aeration time increased. How- 
ever, no inhibitory effect was observed 
for long periods of aeration when a 
4 mg/l concentration of 2,4-dinitro- 
phenol was employed. 


BOD Progression 


The cumulative daily oxygen utiliza- 
tion of microorganisms feeding on 
domestic sewage often conforms closely 
to the graphic plot of the first-order 
reaction equation. The validity of the 
first-order assumption in the stabiliza- 
tion of industrial wastewaters has not 
yet been established. Many workers 
in their analysis of the exponential 
BOD formulation for soluble organic 


4 


wastes have reported variations in the 
present five-day determination. While 
studying these variations in the bio- 
oxidation of milk 
Hoover ef al. (9) proposed a 
BOD progression. This 
theory postulated two biochemical re- 
actions; i.e., that the oxygen utilization 
during the second phase is due to the 
endogenous respiration of the bacterial 
cell material produced by assimilation 
of the substrate during the first phase. 
In 1954, Buswell ef al. (10) coneluded 
that the monomolecular law is invalid 
for the BOD determination and agreed 
with the conclusions of Hoover. 

More recently, Busch (1) presented 
a similar theory on the progression of 
the BOD of soluble substrates as a mul- 
ti-stage reaction. According to this 
theory, the first stage represents the 
assimilation of available nutrients into 
cell material plus intermediate stored 
products. Subsequent utilization of 
oxygen in excess of endogenous respira- 
tion is attributed to the activity of 
protozoa and higher organisms feeding 
on the Busch obtained a 
‘‘plateau’’ value of oxygen utilization 
representing the consumption of all the 
substrate by the bacterial cells. This 
plateau in oxygen utilization yielded 
a characteristic value for a given sub- 
strate. 


logical wastes in 
1953, 


two-phase 


bacteria. 


For soluble organic substrates, 
Busch stated that the plateau value 
offers a more valid point for determin- 
ing the total load or ‘‘ultimate’’ oxy- 
gen demand than does the conventional 
five-day incubation test. 

From the above discussion, the need 
for a clear and definite delineation of 
the progression of the BOD in order 
that an accurate short-term determina- 
tion may be established is evident. 
With the establishment of the validity 
of the first-stage plateau as a repro- 
ducible percentage of the theoretical 
BOD, this study was initiated to de- 
termine the possibility of inereasing 
this percentage by selective poisoning 
of the bacterial assimilatory processes 
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using the technique developed by Clif- 
ton (5). The result of blocking assimi- 
lation would be an increased respira- 
tion and thus a higher ratio of plateau 
values to theoretical BOD. 


Experimental Methods 


In this investigation, both mano- 
metric and bottle dilution techniques 
(11) (12) (13) were employed for the 
determination of BOD values. The 
manometric procedure requires the use 
of relatively high concentrations of 
both substrate and seeding organisms. 
Therefore, these experimental condi- 
tions are directly related to the con- 
centration of substances normally found 
in wastewater treatment plants but are 
markedly higher than those encoun- 
tered in pollution studies of streams. 
This procedure was used to study the 
broad aspects of the problem where it 
was not feasible to prepare large num- 
bers of bottle samples. Bottle deter- 
minations were used to confirm the re- 
sults of the manometric method in dilu- 
tions applicable to stream conditions. 
It is seen, therefore, that the tech- 
niques employed encompass the broad 
realm of biological oxidation, from 
waste treatment plant design to pollu- 
tion control studies. 


Experimental Results 


Selective Stimulation of the Respira- 
tion of Glutamic Acid 


The BOD values obtained with the 
manometric procedure for a_hetero- 
geneous population of microorganisms 
during 120 hr of ineubation in the 
presence of a 300 mg/l solution of 
glutamie acid and various concentra- 
tions of sodium azide are plotted as a 
function of time in Figure 2, which 
presents a typical pattern of the in- 
hibition of assimilation. As shown in 
Figure 2, after an initial lag period 
the BOD proceeds at a relatively con- 


stant rate and on reaching a value 
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characteristic for a particular conecen- 
tration of sodium azide, decreases to a 


rate near that of the control sample of 
the substrate. 

respiration, or 
sponds to the depletion of the sub- 
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This change in rate of 
plateau value, corre- 


strate from the medium. 


values were substantially 


FIGURE 2.—Effect of sodium azide on BOD of 300-mg/1 glutamic acid 
solution using manometric technique (0-25 mg/l NaN,). 
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FIGURE 3.—Effect of sodium azide on BOD of 300-mg/1 glutamic acid 
solution using manometric technique (0-8 mg/l NaN). 
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However, 
for the glutamic acid sample contain- 
ing 5 mg/l sodium azide, the plateau 
higher than 
the control, indicating an increase 


in 
respiration due to the selective inhibi- 
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tion of the assimilatory processes. It 
is noted for glutamic acid that increas- 
ing concentrations of sodium azide pro- 
dueed a prolonged lag period and a 
decreased rate of oxidation. Figure 3 
BOD values for a 300 mg/l 
glutamie acid solution containing 3, 5, 


shows 


FIGURE 4.—Effect of sodium azide on BOD of 100-mg/1 glutamic acid 
solution using manometric technique. 


and 8 mg/l sodium azide. It is espe- 
cially important to observe the differ- 
ent mode of action of the 5- and 8- 
mg/l sodium azide samples. The 8- 
mg/l sample did not yield a plateau 
value equivalent to the control, thus 
indicating not only partial blocking of 
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FIGURE 5.—Effect of sodium azide on BOD of 200-mg/1 glutamic acid 
solution using manometric technique. 
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FIGURE 6.—Effect of sodium azide on BOD of 300-mg/1 glutamic acid 
solution using dilution technique (0-5 mg/l NaN;). 


the assimilation process but also in- tion. The same typical pattern of 
hibition of respiration. This graph _ stimulation of respiration is observed 
clearly denotes the existence of a eriti- for 100- and 200-mg/l glutamic acid 
cal concentration of the inhibitory samples presented in Figures 4 and 
agent which blocks assimilation and 5, respectively. 

yet forces respiration toward ecomple- Bottle dilution studies are reported 
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FIGURE 7.—Effect of sodium azide on BOD of 300-mg/1 glutamic acid 
solution using dilution technique (0-1.0 mg/l NaN). 
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TABLE I.—Influence of 2,4-Dinitrophenol on 
BOD of 300-mg/1 Glutamic Acid Solution 
by a Mixed Culture of Microorganisms 
(Manometric Method) 


BOD in mg/1 for Various Concentrations 
of 2,4-Dinitrophenol 


Hours 

Incubat on 
1* 5* 15* 
0 0 0 0 0 
12 4 4 4 3 
18 17 14 14 12 
20 $3 30 30 27 
24 78 75 76 79 
28 90 89 88 92 
36 100 99 98 102 
38 112 110 110 113 
$2 116 114 113 116 
46 117 115 115 17 
18 120 117 117 119 
6 27 125 125 126 
60 13 128 128 130 
66 136 132 133 135 
72 139 136 136 140 
84 147 142 144 148 
108 156 149 156 157 
120 157 150 158 158 


* 2,4-dinitrophenol. 


in Figures 6 and 7 for a 300-mg/] 
glutamic acid solution. It is noted 
that five-day values are practically 


TABLE II.—Influence of Sodium Fluoride on 
BOD of 300-mg/1 Glutamic Acid Solution 
by a Mixed Culture of Microorganisms 
(Manometric Method) 


BOD in mg/1 for Various Concentrations 


of Sodium Fluoride 


Incubation — 


o* 1* 5* 10* 15* | 20* 
0 0 0 0 0 0 0 
10 3/ 4] 5] 4 4 
19, 18) 20) 20) 20 
20 42} 41 | 43| 40] 42] 45 
26 77| 77 | 70| 741 78\| 67 
28 81 84| 83| 85 
4 88 93 88! 92) 93 
10 % 95 | 98| 93 | 97! 98 


a2 115 | 112 | 114) 109 | 114) 112 
58 124 | 121 | 124 | 118 | 124 | 124 
78 138) 136 139) 133 | 138) 144 
96 147 | 145 | 149 | 141 | 147 | 153 
120 150 | 149 | 152 | 145 | 151 | 158 


* mg/1 sodium fluoride. 
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identical and well within the accepted 
standard deviation (13). The plateau 
values are equally reproducible in the 
cases where they are duplicated. The 
sensitivity of the phenomena of selee- 
tive stimulation of respiration is well 
demonstrated by the plateau values 
obtained in Figure 7. The two experi- 
ments reported in Figures 6 and 7 
utilized seed collected at two different 
times from the same treatment plant. 
The other inhibitory agents of as- 
similation studied in a solution of 
glutamie acid were sodium fluoride and 
2,4-dinitrophenol. These agents showed 
no marked degree of either stimulation 
or inhibition within the inhibitor con- 
centration ranges studied. Typical 
results of these manometric experi- 
ments are presented in Table I, for 
2.4-dinitrophenol, and in Table II, for 
sodium fluoride. Similar results were 
obtained for 100-mg/l and 200-mg/1 
glutamie acid solutions in the presence 


TABLE III. —-Influence of Sodium Azide on 
BOD of 300-mg/l Glucose Solution by a 
Mixed Culture of Microorganisms 
(Manometric Method) 


BOD in mg/1 for Various Concentrations 


of Sodium Azide 


Hours 
Incubation - 
5* 10* 
Oo | 0 0 0 0 
12 3 2 0 0 
22 36 21 18 10 
24 52 31 27 16 
26 66 43 38 23 
28 82 52 54 33 
30 86 73 62 42 
34 91 88 85 53 
36 93 89 4 55 
42 96 93 107 5 
48 | 99 101 il! 108 
54 104 104 114 123 
60 | 110 108 116 127 
72 125 125 121 133 
78 130 132 122 136 
| 135 137 125 138 
96 | 141 144 133 144 
108 148 152 143 154 
120 152 156 159 160 


* mg/I| sodium azide. 
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FIGURE 8.—Effect of sodium azide on BOD of 300-mg/1 glucose 
solution using dilution technique. 


of various concentrations of 2,4-dini- 


trophenol. 


Selectwe Stimulation of the 
tion of Glucose 


Respira- 


The same general pattern of stimu- 
lation of respiration noted with glu- 


TABLE IV.—Influence of 2,4-Dinitrophenol on 
BOD of 300-mg/! Glucose Solution by a 
Mixed Culture of Microorganisms 
(Bottle Dilution Technique) 


BOD in mg/l1 for Various Concentrations 
if 2,4-Dinitrophenol 


Hours 
Incubation 


* 2,4-dinitrophenol. 


acid exhibited in 
periments employing glucose as 


tamic was ex- 
the 


substrate and sodium azide as the in- 


TABLE V.—Influence of Sodium Azide on BOD 
of 300-mg/1 Solution of a 1:1 Mixture of 
Glucose and Glutamic Acid by a Mixed 

Culture of Microorganisms 
(Manometric Method) 


BOD in mg] for Various Concentrations 
of Sodium Azide 


* mg/l sodium azide. 


— 
200 
al 
fo) | | | DILU 
| 
Incubation 
0 1* 5* 
pk 0 0 0 0 0 3 
12 5 2 2 
| 18 15 15 7 6 
o* 5* 22 52 17 25 17 
an 24 79 84 78 53 
ae 0 0 0 0 0 30 85 92 102 83 : 
at 12 0 0 0 0 36 9] 98 109 o4 
ae 18 26 34 HI 30 10) 93 100 110 95 
24 107 105 101 48 107 112 116 104 
: 30 112 112 112 114 54 117 123 120 108 
iS 36 118 118 122 118 60 124 132 130 115 . 
$2 120 120 122 122 64 127 136 137 121 
et 48 122 126 124 124 72 135 143 147 130 
: D4 135 136 135 135 78 138 147 151 134 
60 161 154 172 165 84 141 150 154 137 
EF 72 187 187 193 195 88 142 151 155 139 
asthe 84 202 202 199 206 96 144 153 150 142 q 
fers 6 221 214 217 215 108 146 156 162 145 : 
aa 120 221 217 217 217 120 149 156 164 148 
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300mg /I MIXTURE OF 
GLUCOSE - GLUTAMIC ACID 
DILUTION TECHNIQUE 


0 20 40 


hibitor. Typical results from mano- 
metrie studies are presented in Table 
III. This substrate was also studied 
in bottle dilution experiments. Typi- 
cal data from one of these experiments 
are plotted in Figure 8. Table IV 


TABLE VI.—Influence of Sodium Azide and 
2,4-Dinitrophenol on BOD of Fresh 
Sewage (Manometric Method) 


BOD in mg/l for Various 
Concentrations of Sodium Azide and 
2,4-Dinitrophenol 


Hours 
Incubation 


O* | 5* 10*| 20*) adi 5t 30t 
| 
12 33] 32] 31] 28] 22) 34) 35) 33] 32 
16 39| 37| 36| 33] 30] 39] 42 
20 48) 46) 45) 43) 40) 48) 51) 49) 50 
24 | 53) 50) 50) 48) 46) 52) 54) 53) 54 
36 58) 56) 55) 53) 50) 59| 61 61) 60 
96 85| 83, 82) 79| 86) 88| 91] 92 
108 88) 91) 87] 85) 91) 92) 95) 95 
94] 97) 93) 89| 88) 92! 93 


96) 97 


* mg/l] sodium azide. 
+ 2,4-dinitrophenol. 


60 
TIME - HOURS 


FIGURE 9.—Effect of sodium azide on BOD of 300-mg/1 mixture of 
glucose and glutamic acid using dilution technique. 


80 100 120 


gives data on an experiment studying 
the effect of 2,4-dinitrophenol on glu- 
cose oxidation. From these bottle 
dilution studies, it is noted that 2,4- 
dinitrophenol had neither a stimula- 
tive nor inhibitory effect on the oxida- 
tion of glueose within the inhibitor 
concentration range employed. 


Selective Stimulation of the Respira- 
tion of Glutamic Acid and Glucose 


For studies using a 1:1 mixture of 
glutamie acid and glucose as the sub- 
strate, results similar to those found 
for glutamic acid and glucose alone 
were obtained when sodium azide was 
used as the inhibitory agent. Typical 
data for a manometric experiment are 
presented in Table V. Typical results 
obtained from a dilution experiment 
are plotted in Figure 9. 


Selective Stimulation of the Respira- 
tion of Sewage 


An experiment using fresh settled 
sewage in the presence of various con- 
centrations of sodium azide and 2,4- 
dinitrophenol was performed. The 
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data from this experiment are found 
in Table VI. It is noted that there 
was no well defined degree of stimula- 
tion of respiration in these samples. 
The the 
study of both inhibitors. 


same sewage was used for 


Net Stimulation Produced by Sodium 
Azide 


The net stimulation produced by 
sodium azide using the bottle dilution 
technique is shown in Figure 10 for 
each substrate at a specific incubation 
time. It is noted that the stimulation 
effect is not linear and at higher sodium 
azide concentrations the inhibition of 
respiration becomes significant. 


Stimulation of Respiration of Various 
Substrates Due to Sodium Azide 


The extent of the increase in oxida- 
tion of the various substrates is pre- 
sented in Table VII. The theoretical 
BOD based two 
For glucose the equation is 


carbonaceous 
equations. 


on 


20¢ 


6H.20 (1) 
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and for glutamie acid 


5COs + NHs3. ‘ (2) 


The per cent of the theoretical oxida- 
tion of glucose in the presence of 5 
mg/l sodium azide was 46.7 as com- 
pared to 38 for the samples without 


sodium azide. The net increase in 
oxidation was 8.7 per cent. For glu- 
tamic acid and the mixture, the in- 


crease in the presence of 5 mg/1 sodium 
azide was 23.7 and 16.6 per cent, re- 
spectively. It should be noted that 
the per cent increase was taken from 
the plateau on the respective curves 
and that in some cases the time differ- 
ential is on the order of 18 hours be- 
the induced by the in- 


cause of lag 


hibitor. 


Effect of Sodium 


The effect of sodium azide on the 
lag period is presented in Figure 11. 
For a given BOD value, the ratio of 
the time of the lag in the sample to 
that of the sample is plotted as a fune- 


Azide on Lag Period 
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FIGURE 10.—Net stimulation produced by sodium azide using the 


bottle dilution technique. 
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TABLE VII.—Stimulation of Respiration of Various Substrates Due to Sodium Azide 


BOD PROGRESSION 


Substrate 
(300 mg/l) 


Glucose* 


Glutamic acidt 


1:1 mixture of glucose- 
glutamic acidt 


* See Figure 8. 


t See Figure 9. 


+ See Figures 6 and 7. 


tion of the concentration 
azide. It is readily observed that the studied in this biological environment. 
lag period in these bottle dilution ex- 
periments is of longer duration for 
higher concentrations of sodium azide. 
The effect of sodium azide is not linear. The results obtained from the ex- 
However, the effect exhibits a charac- periments presented in the preceding 


Sodium 
Azide 
(mg/l) 


0.0 
L.0 
3.0 


5.0 


| BOD | Per Cent 


Incubation (mg/l) (m/l) ca 


42 122 321 38.0 


48 133 321 41.4 
o4 146 321 45.5 


150 


36 120 273 43.7 
36 124 273 45.4 
36 | 135 273 49.4 
36 140 273 51.3 
42 165 273 60.4 
54 184 273 67.4 


of sodium teristic pattern for each substrate 
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FIGURE 11.—Effect of sodium azide on the lag period. 
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discussion clearly demonstrate that it 
is possible selectively to stimulate res- 
piration (oxidation) of glutamie acid, 
glucose, and a 1:1 mixture of these 
compounds by a mixed culture of 
microorganisms in the presence of 
sodium azide, an inhibitory agent of 
assimilation was ob- 
served that a critical concentration of 
this inhibitory agent significantly pre- 
vented synthesis and forced the reac- 
tion in the direction of complete oxida- 
tion to carbon dioxide and water, the 
degree of which was indicated by a 
plateau value. Low concentrations of 
sodium azide initially retarded 
piration slightly and simultaneously 
the synthesis processes were partially 
inhibited. Relatively high concentra- 
tions of this agent reduced the rate of 
respiration appreciably. This was the 
typical pattern ebserved for glutamic 
acid, glucose, and the mixture of these 
substrates studied in a solution of 
sodium azide. This pattern is similar 
to the one reported by Clifton and vari- 
ous other workers for the oxidation of 


synthesis It 


res- 


high concentrations of substrates by 
heavy inoculums of pure cultures of 
microorganisms during short periods of 
incubation. 


Other inhibitory agents of assimila- 
tion, such as 2,4-dinitrophenol and 
sodium fluoride, showed no marked de- 
gree of stimulation or inhibition of 
respiration of these substrates. No 
increase in the oxidation of fresh set- 
tled sewage was observed due to the 
action of sodium azide and 2,4-dinitro- 
phenol. 

The use of a population of micro- 
organisms grown on the substrate to be 
studied should be investigated in an 
attempt to reduce the prolonged lag 
period of the control samples. 

It was observed that the bottle dilu- 
tion technique gave more reproducible 
results than the manometric method. 
As noted in Figures 2 and 3, the 5-mg/1 
eurves for the manometric technique 
show different rates of oxidation and 


July 1960 
different lag periods. Similar varia- 
tions existed in all cases where the 
manometric experiments were dupli- 
eated. These variations in the mano- 
metric experiments are probably due 
to the larger number of microorganisms 
present in this biological environment 
as compared to that found in the BOD 
bottle. In addition, different five-day 
BOD values were obtained with the 
two techniques. 

The plateau phase obtained in the 
curves for the various substrates in the 
presence of sodium azide with both 
techniques is in agreement with the 
multistage BOD reaction as postulated 
by Busch (1). It is important to note 
that the rate and path of oxidation ean 
be altered noticeably and yet still at- 
tain five-day BOD values which are 
within the accepted standard devia- 
tions for these substrates with the dilu- 
tion technique. 


Summary 


An investigation was made of the 
selective stimulation of respiration in 
mixed eultures of bacteria. The study 
utilized both manometrie and dilution 
techniques in BOD measurements. The 
objectives of this work were twofold: 
(a) the further delineation of the pro- 
gression of the BOD in soluble sub 
strates as a multistage reaction; and 
(b) the determination of whether the 
percentage of oxidation represented by 
the plateau values of the BOD curve 
could significantly be increased by se- 
lectively blocking assimilation. 

That the theory proposed by Busch 
in 1958 is correct was clearly demon- 
strated by the increase in plateau 
values in the presence of inhibitors of 
assimilation. Although substantial in- 
creases in plateau values were obtained 
for glucose, glutamic acid, and a 1:1 
mixture of these, in combination with 
sodium azide, the lag induced by par- 
tial inhibition of respiration offsets any 
particular advantage of its use in a 
short-term BOD test. Other inhibitory 
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agents studied showed no significant 
effects. 
Conclusions 
The following conclusions may be 


drawn : 

1. The progression in soluble sub- 
strates of BOD exerted by mixed eul- 
tures of sewage organisms seed is a 
multistage reaction. A plateau oceurs 
in the oxygen consumption curve on 
completion of direct substrate oxida- 
tion. The rate and the path of the 
progression can be altered appreciably 
by the use of an approximate inhibitor 
of assimilation (synthesis) processes 
and yet produce five-day BOD values 
which are within the accepted standard 
deviations for these substrates with 
the dilution technique. 

2. It is possible selectively to stimu- 
late the respiration (oxidation) of 
glutamie acid, glucose, and a 1:1 mix- 
ture of these compounds by a mixed 
eulture of microorganisms with sodium 
azide. 

3. A critical concentration of sodium 
azide significantly prevents synthesis 
and forces the reaction in the direction 
of complete oxidation to carbon dioxide 
and increased 


water as shown by 
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plateau values. Low concentrations 
(on the order of 1 to 2 mg/l) of so- 
dium azide initially retard respiration 
slightly and simultaneously the syn- 
thesis processes are partially inhibited. 
Relatively high concentratiens (greater 
than 5 mg/l) of this agent reduce the 
rate of respiration substantially. 

4. The eritical concentration of so- 
dium azide is 5 mg/1 in bottle dilution 
studies for 300-mg/1 solutions of glu- 
tamie acid, glucose, and a 1:1 mixture 
of these compounds. This concentra- 
tion was in the same order of magni- 
tude for the manometric studies. 

5. Over-all patterns of stimulation 
are similar to those reported by other 
workers using pure cultures of micro- 
organisms. 

6. Two other inhibitory agents of 
assimilation, 2,4-dinitrophenol and so- 
dium fluoride, show no marked degree 
of stimulation or inhibition of oxida- 
tion of these substrates. 

7. Neither sodium azide nor 2,4-di- 
nitrophenol increased the oxidation of 
fresh settled sewage. 
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QUARTER CENTURY OPERATORS’ CLUB 


Have you been an operator for 25 years? If so, you may be eligible for 
membership in the Quarter Century Operators’ Club. 


This Club is an informal group comprising Active or Corporate Members of 


any Member Association who had been engaged in treatment works operation, 
on a full-time resident basis, 25 years prior to the date of their admission into 
the Club. A candidate need not now be engaged in treatment plant operation, 
but he should have a continuing interest. 

If you are interested in joining this select group you may obtain information 
and application forms from: Mr. Henry Van Der Vliet, P. O. Box 281, Ruther- 
ford, N. J. 


INDUSTRY FUTURE WATER REQUIREMENTS 


Future water requirements for the major industries is the subject of a 
committee report to the Senate Select Committee on National Water Resources. 
This 100-page report contains a wealth of tabulated data, discussing water use 
requirements geographically and by specific industry. The major industries 
are classed as iron and steel, chemicals and allied products, pulp and paper. 


food and beverage, aluminum, copper, and minerals. 

The title of the report is ‘‘ Water Resources Activities in the United States, 
Future Water Requirements of Principal Water-Using Industries.’’ It is Com- 
mittee Print No. &, 56th Congress, 2nd Session, printed for the use of the Select 
Committee on National Water Resources, dated April 1960. 

Single copies may be obtained from: 


Mr. Walter L. Picton 
Director, Water and Sewerage Industry and Utilities Division 
Business and Defense Services Administration 

Department of Commerce 

Washington 25, D. C 
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It is the purpose of this paper to 
discuss briefly the background, method 
of approach, and success achieved in 


the abatement of pollution in the 
Louisiana cane sugar industry. The 
background will consist of a_ brief 


description of cane sugar processing 
and of the various geographical, social, 
and economie factors which have con- 
tributed to the problem (1) (2). The 
action by state agencies and the indus- 
try will be covered under the method 
of approach, while the solutions to the 
problem will be discussed finally (1) 
(3). 

Sugar cane is, in the strictest sense, 
a giant grass. The cane, which con- 
tains the sugar bearing juices, grows 
10 to 20 ft high and 1 to 3 in. in 
diameter. Sugar cane is cultivated 
throughout the world in a belt extend- 
ing from 30 deg S Lat to 30 deg N Lat. 
Some 56 countries participate with a 
total yearly production of 27 mil metric 
tons. Three-quarters of the contribu- 
tion of the United States to this total 
is grown and processed in 20 parishes 
(counties) 
(Figure 1). 

The cane in this climate matures 
once a year with harvesting and initial 
processing taking place from October 
to January. It can be seen that this 
pollution problem tends to be con- 
centrated both in location and time. 

These 20 parishes which form the 
production and area of 
Louisiana are flat delta land, traversed 


of south central Louisiana 


pre yeessing 
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by numerous sluggish rivers and bay- 
ous. These streams drain large swamp 
areas and, as a result, tend to carry a 
high pollution load in their natural 
state. In late summer and early fall, 
flow rate tends to be very low. In 
many cases these streams become septic 
in their natural condition. 

In addition, following a series of 
disastrous floods in 1927, extensive 
flood control work has taken place in 
this area. The result has been to make 
many streams, such as the Teche, flow 
in the direction the wind is blowing or 
the tide is running. This makes the 
pollution stabilization capacity of the 
stream even more difficult to predict 
and use efficiently. 

Moreover, the pollution potential of 
the cane sugar industry is very large. 
To understand this, one must know 
something of the process. 


Cane Sugar Processing 

The process begins with the harvest- 
ing of the cane. This consists of sever- 
ing the cane at the ground and trim- 
ming off the top and any adhering 
leaves. Formerly, harvesting was done 
manually, with the machete or cane 
knife. This procedure is still used in 
such areas as Cuba. High labor costs, 
however, have brought an end to this 
practice in the United States, and har- 
vesting is done mechanically (Figure 
2). The mechanical cane harvester 
consists of upper and lower revolving 
knives and intermediate pointed rods 
to hold the cane while it is being 
eut. The mechanical method, although 
cheaper, results in more damage to the 


| 

| 

| 
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FIGURE 1.—Sugar cane growing and processing areas of Louisiana. 


cane as well as pickup of soil, trash, 
and other foreign material. The har- 
vested cane generally runs 15 per cent 
by weight of fibrous material with the 
remainder water and dissolved solids. 


Under ideal conditions, 10 to 15 per 
cent of the original weight of the cane 
can be recovered as marketable sugar. 
Under less ideal conditions, this same 
amount ean become water pollution. 


FIGURE 2.—Mechanical harvesting of sugar. 


756 
Co 
a 
| 


Vol. 32, No. 7 


The difference lies in the efficiency 
and technology of operation. The basic 
operation consists of chopping the cane 
into short lengths and crushing it in a 
series of rollers., The juices extracted 
are collected below; the crushed fiber, 
with a residual sugar content, is termed 
‘‘bagasse’’ and finds use as a low 
grade fuel, livestock feed, and raw ma- 
terial for paper pulp. 

The juices are mixed with a slurry 
of calcium hydroxide to raise the pH to 
approximately 8.0, and then heated to 
215°F. The heated juice is passed to 
a continuous sedimentation unit in 
which clarification is achieved. The 
bottoms, or ‘‘muds’’ are sent to a 
rotary vacuum filter; the filter cake 
consists chiefly of fibrous material 
and topsoil, with an average sugar 
content of 4 per cent by weight. The 
filtrate is recycled to the sedimentation 
unit. The clear liquid from the sedi- 
mentation unit is essentially a neutral 
solution of sucrose, and is sent to mul- 
tiple-effeet evaporators where the solu- 
tion is concentrated from 16 per cent 
to 65 per cent solids. The final solu- 
tion is evaporated under vacuum to 
erystallize the suerose. The resulting 
erystalline product is the commercial 
‘‘brown’’ sugar, and the spent liquor 
is termed molasses. 


This is the basic 


process of cane 
sugar refining for clean cane. For 
cane harvested by the mechanical 


method, an initial washing must be 
added. If this is not done, the erush- 
ing rollers will slip and bind or may be 
damaged by foreign materials; also 
this initial washing keeps down the 
volume of filter cake, which, as was 
previously mentioned, contains about 
4 per cent sugar by weight. When 
harvested from muddy fields, washing 
of cane is an absolute necessity for 
operation. The water can be reused 
only for a limited period, less than one 
hour, for organisms grow in this water 
which are capable of hydrolyzing the 
sucrose. While sucrose can be erystal- 
lized readily, its hydrolysis products 
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cannot, so this would lead to another 
inefficiency. 


Ten-Year State Study 


For many years, the resultant mag- 
nitude of the pollution from cane proc- 
essing was only a matter of surmise. 
Increasing populations and new in- 
dustries with their resulting competi- 
tion for water brought the problem 
into focus. The state control agency, 
the Louisiana Stream Control Commis- 
sion, began, in 1944, a ten-year study 
of the problem with stream sampling 
and in-plant studies at the Audubon 
Sugar Factory of Louisiana State Uni- 
versity. The result was that in 1954 
the sugar industry was cited as the 
chief source of water pollution in the 


state. A number of mills were served 
with injunctions and others were 
threatened. 


To a seasonal industry of marginal 
profits, these injunctions could mean 
financial ruin. The cane decomposes 
rapidly after being cut or reaching 
maturity in the field. Sugar cane con- 
stitutes the sole agricultural crop of 
commercial value in most of the par- 
ishes where it is grown, and furnishes 
the basis of income for most of those 
gainfully employed. 


Industry Study 


To study the problem more effec- 
tively and provide mutual assistance, 
a group of eight sugar mills formed the 
Louisiana Sugar Producers Waste Con- 
trol Council. These mills entered into 
a cooperative project with the De- 
partment of Chemical Engineering at 
Louisiana State University. The proj- 
ect was both extensive and intensive. 
The biochemical oxygen demand, oxy- 
gen consumed from permanganate, and 
dissolved sugar in each effluent source 
in each mill were determined. BOD’s 
and OC’s were run weekly by L.S.U. 
personnel while OC’s and alpha-naph- 
thol sugar tests were run several times 
daily by the plants. Under a consent 
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TABLE I.—Typical Volume and 
Character of Waste* 


Total Daily BOD 
5-day 
BOD 
(mg/]) 


Waste 
(lb /ton 
capacity) 
Cane wash water : 680 
Floor sweepings 

and blowdown 
Acid and caustic 
Condenser water 


Total 


* Daily capacity, 2,400 tons 


agreement with the Louisiana Stream 
Control 
mained open while a large amount of 
data were collected and analyzed. 


Commission, the mills re- 


July 1960 


In comparison with the data of the 
Stream Control Commission there was 
essential agreement, but the latter 
tended to be conservative. In other 
words, the problem was worse than 
imagined. 


Waste Reduction Measures 


The sources of pollution (Table I) 
were isolated as condenser cooling 
water from the evaporators, cane wash 
water, sodium hydroxide and hydro- 
chlorie acid used in the cleaning of heat 
exchangers, filter cake, and floor sweep- 
ings The process broken 
down in terms of these sources and 
each examined with a view to choosing 


(2): was 


FIGURE 3.—Spray pond for aeration of wastes. 
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FIGURE 4.—Lagoon for further waste stabilization. 


the most economical method of elimina- 
tion. 

The sugar loss in the condenser cool- 
ing water from the evaporators was 
found to be due to entramment of 
liquid in the vapors. By installation 
of more efficient entrainment sepa- 
rators, the BOD was reduced, in two 
eases, from several thousand to 20 or 
30 mg/l. The savings, in each of these 
two cases, amounted to around $2,500 
per day. 

The sodium hydroxide and hydro- 
ehloriec acid used as cleaning agents 
were small in volume, and by impound- 
ing together a partial neutralization 
was achieved. This product then was 


bled off slowly into a large volume of 
discharge, such as condenser water, 
with no complaints. 

The floor sweepings were the result 
of leaking pipes and improper and 


careless operation. As in the case of 
the condenser water, when the magni- 
tude of the problem was demonstrated 
in terms of product that was not going 
to market, the improvements were 
rapid and complete. 

It had been customary to pump the 
filter cake into the nearest stream as 
a slurry. In this fashion, it was not 
only a source of pollution but also a 
loss of valuable topsoil and fertilizer. 
By the simple expedient of returning 
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this to the fields as fertilizer both the 
stream and the fields benefited at 
small cost. 

There remained, then, only the prob- 
lem of the cane wash water. By coun- 
ter-current washing, its volume could 
be reduced by almost any amount. In 
any case, this effluent does not lend 
itself to economical recovery of any 
product and was not found to settle 
to any extent. Various techniques of 
flocculation were attempted, as well as 
chemical oxidation, without any eco- 
nomic success in either case (3) 

The answer was found to be lagoon- 
ing and stabilization by organisms. 
Laboratory-seale reactor studies were 
undertaken to determine the effects of 
temperature and of nutrient addition 
on reaction rates. From these data, 
the lagooning system was designed as 
a multibasin system, the first basin 
being aerated (Figure 3) and with 
sufficient capacity for two days’ ef- 
fluent. These basins characterize them- 
selves by decreasing the BOD from 
1,000 to several hundred, the redue- 
tion resulting from the contact of 
fresh wastes with established popula- 
tions of organisms. The effluent passes 
successively through two or more la- 
goons (Figure 4) and ends up, under 
proper operating conditions, with a 
BOD suitable for discharge (3) 

In some cases, where the factory is 
located conveniently to large rivers 
such as the Mississippi, the wastes may 
be discharged directly. Alternately, 
the effluent has been disposed of by 
pumping to adjacent swampland owned 


by the mill. No decrease in value of 
the land as wildlife habitat has been 
observed. 

But these are extreme cases. The 
basie technique must be refined so 
that factories located in an area where 
land is at a premium ean wash cane 
sufficiently for proper operation and 
be able to stabilize wastes rapidly and 
without odor complaints. 


Conclusions 


The situation has improved steadily. 
During the last season, no mills were 
cited for pollution. Research con- 
tinues at L.8.U., direeted now at re- 
finement of lagooning techniques and 
cheap, efficient aeration. 

Future problems will likely arise. 
As of present, the aerial application of 
some types of insecticides for control 
of the sugar cane borer may be shaping 
up into such a problem. But the 
writers are confident that these prob- 
lems, as the previors ones, will be re- 
solved to the satisfaction of all con- 
cerned. 
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The Red River Basin ineludes sub- 
stantial areas in the States of Arkansas, 
Louisiana, Oklahoma, Texas, and a 
small tract in New Mexico. The total 
drainage area is about 95,000 square 
miles. The area differs widely in top- 
ography, geology, soils, and climate, 
as well as in agricultural and indus- 
trial development. Of special interest 
to this group is the fact that the aver- 
age annual precipitation ranges from 
about 17 in. near the headwaters of the 
river in western Texas to 64 in. near 
its mouth in eastern Louisiana. This 
fact indicates that there is insufficient 
water to supply all present and fore- 
seeable domestic, agricultural, and in- 
dustrial needs in Texas and Oklahoma, 
the upper part of the basin. Ocea- 
sionally there is too much water in 
Arkansas and the lower 
part of the results in 
serious flooding ; some future 
water shortages there can also be fore- 
seen, 


Louisiana, 
which 
however, 


basin, 


The quality of the water in the sur- 
face streams of this basin is of creat 
concern, as it ranges from good for 
practically all purposes in parts of the 
basin to unsuitable for many important 
uses in other parts. The principal con- 
taminants of the water are contained 
in oil field brines which flow into the 
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streams in some areas and the leach- 
ing of natural soluble salts from the 
soils and roeks in other areas. The 
details of these conditions and the steps 
that are being taken to remedy them 
will be deseribed by those who follow 
on this panel. 

Recognizing the present and future 
water requirements in the several parts 
of the basin and the problems con- 
nected therewith, and desiring to fore- 
stall costly and time-consuming con- 
troversies and lawsuits, the States of 
Arkansas, Louisiana, Oklahoma, and 
Texas, along with the Federal Govern- 
ment began negotiations in 1956, with 
the consent of Congress, to enter into 
an interstate compact for equitably ap- 
portioning the waters of the Red River 
and its tributaries among the four 
States. The negotiations were soon 
broadened to inelude water quality 
considerations. 


Commission Make-up 


The negotiating body, under the 
name of the Red River Compact Com- 
mission, consists of one representative 
from each State and one from the Fed- 
eral Government. The Federal repre- 
sentative now serves as chairman of 
the group, without vote. Much of the 
underlying work of the Commission is 
performed by committees. A Legal 
Advisory Committee makes studies of 
the legal and administrative features 
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of the contemplated compact and serves 
as legal advisor to the Commission. An 
Engineering Advisory Committee com 
piles and analyzes basic data on the 
quantity and quality of the available 
water supplies in the basin and_ the 
present and probable future water 
needs. ‘This committee also serves as 
engineering advisor to the Commission, 
especially in regard to making water 
apportionments among the four States. 
An Engineering Subcommittee on 
Stream Pollution Control informs the 
Commission as to the location and ex- 
tent of stream pollution and water 
quality degradation in the basin and 
advises on the manner and extent to 
which means for control should be in- 
cluded in the compact. These ecom- 
mittees are performing their assigned 
functions effectively, which is a great 
help to the Commission. 


Commission Activities 

The phase of the Commission’s ac- 
tivities of particular interest to this 
group relates to the control of inter- 
state stream pollution. The question 
naturally arises as to what part, if 
any, the body that is to be set up to 
administer the compact could appropri 
ately take, or should take, in dealing 
with this problem. 

The members of the Commission feel 
that the primary responsibility for pre- 
venting stream pollution rests with the 
states themselves. Each of them now 
has an active program for accomplish- 
ing this purpose within its own borders. 
The Commissioners are aware of the 
means for correcting interstate stream 
pollution available through the serv 
ices of the U. S. Public Health Service 
under U. S. Public Law 660. The 
Commission feels, however, that there 
is still a need for the compact adminis- 
trative body to take a part in the field 
of pollution control. They definitely 
believe that the compact administra- 
tors should have the authority to make 
investigations regarding interstate 
stream pollution and recommend reme- 
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dial actions by the state enforcement 
agencies or under the provisions of U. 
S. Public Law 660. 

Whether the administrators should 
have the authority to issue abatement 
orders against stream polluters and 
enter into the courts to enforce sueh 
orders is a more serious and debatable 
question. Opinions vary somewhat be- 
tween individual members of the Com- 
mission and its committees. The Com- 
mission is cognizant of the fact that a 
state agency, in trying to correct pol- 
lution on a stream within its borders, 
might be handicapped in its efforts 
through local opposition or interfer- 
ence, especially if the only serious dam- 
age caused by the pollution is in a 
downstream state. The Commission 
also feels that recourse under Public 
Law 660, involving the Public Health 
Service, might be slow; and that there 
is no guarantee that Publie Law 660 
will always operate effectively. 

For these reasons the Commission is 
now considering another medium for 
giving relief to a state that is being in- 
jured by pollution in an upstream state 
if the other measures fail. To ac- 
complish this, the compact might be 
written to authorize the Attorney Gen- 
eral of the downstream state to bring 
suit in any state or federal district 
court having jurisdiction in the offend- 
ing state against any individual, cor- 
poration, or governmental unit that is 
contributing to such pollution. No de- 
cision has yet been reached on this 
subject ; it is being given further study. 

This is as far as the Commission has 
gone in determining what provisions 
should be included in the compact for 
assisting in the control of interstate 
stream pollution. 

On this panel are five authorities in 
the field of stream pollution control. 
Each is either in direct charge of pol- 
lution control measures in his state or 
has important responsibilities in this 


field. Each will cover one phase of the 
stream pollution problem in the Red 
River Basin. 
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RED RIVER COMPACT 


II. QUALITY DEGRADATION OF THE RED RIVER BY 


The population of the United States 
has now exceeded 177 million and by 
1980 will be 275 million. By the year 
2000, present population will have 
doubled to 350 million persons. 

Present use of water amounts to 
about 240 bil gpd. If population and 
water use trends continue, in only 20 
years from now that figure will be 
nearly 600 bil gpd. 

There are millions of acre-feet of 
Red River water flowing virtually un- 
used each year through hundreds of 
miles of water-hungry, fertile, agricul- 
tural lands and cities in the Red River 
valley. 

One of the major reasons for its lack 
of utilization is the quality of water 
found in the river. The great drouth 
of 1952-57 clearly demonstrated that 
when water is needed most, its quality 
is at its worst. 

If there are those who doubt the im- 
portance of water quality and question 
the impact of poor quality water on 
the community, they have only to read 
the newspapers in such cities as Dallas, 
Oklahoma City, or Wichita, when the 
quality of the municipal water supply 
deteriorated, either chemically or phys- 
ically. 

The Arkansas-Red River water qual- 
ity conservation project, from which 
most of these data were taken, was 
initiated by the Public Health Service 
to determine factors which cause qual- 
ity degradation of the waters of the 
Arkansas and Red Rivers, to identify 
the location and amount of waters of 
varying quality suitable for beneficial 
use, and to develop methods or meas- 
ures for improvement of the over-all 
water quality. The project was started 
in July 1957 under authority of the 
Federal Water Pollution Control Act, 
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By H. M. Crane 
Senior Sanitary Engineer, Oklahoma State Department of Health, Oklahoma City, Okla. 


to carry out the recommendations of 
the Arkansas-White-Red Basins Inter- 
Agency Committee Report of June 
1957. 

Chloride Problems 


The major inorganic pollutants of 
the Red River waters are chlorides, 
sulfates, and silt, with chlorides being 
the most serious of these. The organic 
pollution, with a few exceptions, is 
under good control. Figure 1 shows 
the Red River Basin. 

Unfortunately, there is no gadget 
today that economically will make a 
high quality water from a highly saline 
source. The solution to the ever-in- 
creasing demands for high quality 
water will not be the removal of salt 
from rivers—unless an unlimited source 
of cheap power is found—it will be 
the prevention of its entranee into the 
rivers in the first place. An example 
of this problem is the fact that more 
than one million acre-feet of water with 
a chloride concentration in excess of 
250 mg/l flows past Gainesville, Texas, 
each year (1). 


River Loadings 


Table I (adjusted for records of the 
Red River just below Denison Dam) 
summarizes average discharge, chlo- 
ride loadings, and weighted average 
chloride concentration at four strategic 
locations in the basin. 

A comparison of the chloride con- 
centration shows the influence of the 
high quality water entering the Red 
River from Blue River, Clear Boggy 
and Muddy Boggy Creeks, Kiamichi 
River, Little River, Rolling Fork, Cos- 
satot, and other rivers and ereeks of 
excellent quality below Denison. 

A similar comparison of the chloride 
loadings shows that over 90 per cent 
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GENERAL AREA OF OlL PRODUCTION 


MINERAL FORMATION CONTAINING GYPSUM 


’ AREA OF SALT WATER SEEPAGE FROM SPRINGS 


July 1960 


FIGURE 1.—Red River Basin showing sources of chlorides and sulfates. 


of these chlorides are 
river at 


present in the 
This shows the 
major areas of mineral pollution to be 
in the upper reaches of the Red River. 

The Wichita River basin is a classic 
example from the standpoint of min- 
eral pollution (2). In the upper 
reaches of some of the tributaries, water 
of excellent quality is found, although 
usually in 


Gainesville. 


limited quantity. Beaver 
Creek above Lake Santa Rosa is an ex- 
ample of such water. the lake 
the quality deteriorates greatly prior 
to its with the Wichita 
River. Other tributaries, such as the 
North Fork of the Wichita 
dueah, Texas, and the South 


Below 
confluence 


near Pa- 
Fork of 


TABLE I.—Comparison of All Stations Based 
on 1945-57 Period by Record 
at Denison Station 


Red River near 
Gainesville, Ts 
. Washita River nea 
Durwood, Okla 
Red River nea: 
Denison, Tex 
Red River nea 


Shreveport, La 


the Wichita near Guthrie, Texas, origi- 
nate as springs of fair quality, suitable 
for irrigation and other As the 
North Fork tributaries flow 
eastward through areas of salt springs 
and salt water seepage, located about 
five miles southeast of Paducah, their 
chloride content increases sharply and 
remains far above acceptable stand- 
ards as it reaches Lake Kemp. 


uses. 


and its 


Salt Springs 


This salt spring area on the North 
Fork contributes 150 tons per day as 
chlorides, or 4.3 per cent of the total 
chloride loadings at Gainesville. Simi- 
lar salt springs, contributing 150 tons 
per day, feed the South Fork in a six- 
mile stretch beginning approximately 
two miles Guthrie. Another 
salt spring area on the Middle Fork of 
the Wichita tons per 
day, or 1.4 per cent of the loadings at 
Gainesville. Below Lake Kemp and 
Lake Diversion, the Wichita River 
picks up additional chloride loadings 
from Prac 
tically all mineral pollution in Lake 
Kemp, however, is from natural sources. 


east of 


contributes 50 


areas of oil production 
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Two salt seepage areas on the Middle 
River and North Pease River 
northwest of Paducah each contribute 
40 tons per day of chlorides, or 1.1 
per cent of the loadings at Gainesville. 

Another major chloride contributing 
area is on the Elm Fork in northwest 
Harmon County, Oklahoma. Three 
small box canyons produce saturated 
or near saturated chloride solutions 
with flows totaling approximately 250 
gpm. This amounts to 309 tons per 
day of chlorides, or 8.6 per cent of the 
loadings at Old records 
indicate that similar conditions existed 
in this area almost 50 years ago. A 
small salt plant at this loeation pro- 
duces up to 10 tons per day of rela- 
tively high quality sodium chloride 
which is sold locally for water softeners 
and stock salt. 

Estelline Springs, located on the 
banks of the Prairie Dog Town Fork 
of the Red River at Estelline, Texas, 
contributes 320 tons per day of ehijo- 
rides, or 9.2 per cent of the loadings at 
Gainesville. This spring flows up 
through a gypsum formation, forming 
a typical sinkhole in the flood plain of 
the river. Flowing approximately 
1,800 gpm of warm water, with a chlo- 
ride content than sea water, 
the spring serves very well as the vil- 
lage swimming pool. 


Pease 


Gainesville. 


vreater 


The areas mentioned above account 
for 1,050 tons of chlorides per day, or 
cent of the total 
Gainesville. 


30 per loadings at 


Propose d Solutions 


There are at least five general cate- 
vories which could be considered as 
possible solutions to the problem of 
controlling chlorides from this area. 


1. Control of spring flows through 


compensating hydrostatic pressures. 
This could call for small channel dams 
up through the 
river bottom or it might require flood- 
ing an entire area to prevent new out- 


breaks of salt springs. Most springs 


tO prevent seepage 


RED RIVER COMPACT 765 


are located on the flood plains of major 
rivers or their tributaries and could be 
flooded by dam construction on the 
stream. It is interesting to note that 
in some areas salt collects on the sur- 
face of a flood plain, not by a normal 
spring flow but by capillary action of 
ground water up through the sand. 
Flooding such an area would stop the 
capillary action. 

2. Injection into brine aquifers. If 
a compatible aquifer of sufficient size 
to handle large quantities could be 
located in areas of brine production or 
salt flows, this would be a permanent 
answer. 

3. Storage and evaporation of salt 
water. This would withhold salt from 
the river for a time and may be a 
temporary solution but ultimately the 
salt would have to be controlled on a 
more permanent basis. 

4. Diversion of stream flows around 
salt flat areas, isolating the area to as 
great an extent as possible. This is 
also a temporary solution if springs 
feeding the salt flats are not brought 
under control. 

5. Piping of concentrated brines to 
the Gulf of Mexico. This may sound 
fantastic, but it could ultimately be the 
solution. The natural salt problem 
area runs in nearly a straight line from 
the Arkansas River in Kansas to the 
Colorado River in Texas. One line 
could serve all areas and would perma- 
nently dispose of the salt. Some of the 
previously mentioned temporary solu- 
tions could be a part of such a plan 
for the future. 


Sulfates 


The above possibilities will not solve 
the gypsum problem. During the last 
12 vears of record, a daily average of 
189 mg] of sulfates have been found 
in the Red River at (2). 
Nearly all chloride springs are satu 
rated with sulfates and controlling the 
flow would reduce the sulfates to some 
extent, but their main source is the 
extensive gypsum deposits and out- 


Denison 
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crops exposed to surface waters through- 
out the The ul- 
timate solution, indicated by present 
limited data, is a leveling off of sulfate 


basin (Figure 1) 


concentrations through storage and di- 
lution to approach an acceptable aver- 
age. Such a procedure would also re- 
duce the maximum chloride concentra- 


tions now found during low flows. 


Summary 


At this time three interstate 


pacts involving the Arkansas and Red 


com- 


River Basins and five states are under 
Each of the 
groups has concluded that water qual- 


negotiation. compact 


ity must be considered in relation to 


III. 


D. F. 


Director, Division of Water 

The relatively high chemical content 
of the Red River, particularly in its 
upper reaches, has been a recognized 
for 
has 
major endeavors of 


The search 
chemical 


fact for many years. 
water of 


| 


quality 
been one of the 
most of the municipalities in this par- 


Whereas the 


made 


ticular area creation of 


Lake Texoma large 
water to the Upper Red 


River area, actual water uses have been 


available 
volumes of 


limited primarily to power generation 
and recreation. Lake Texoma has be- 
come one of the most popular fishing 
and the South- 


west, attracting over seven million peo- 


recreational areas of 
ple each year. 
a subject of 
when it was learned that industries in 


Water quality became 


everyday conversation 


terested in reliable sourees of water 
were passing up the Red River Basin 
as potential sites because of the high 
chemical content of the waters As 
this fact became more & nerally recog 
nized, there resulted a growimg move 


ment by the Red River Basin people 


to encourage studies and surveys to 
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Pollution Control, State De partment of Health, Austin, Ter. 
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quantity. Each state is seeking new 
industry as well as working to improve 
its agriculture. The population loss 
experienced by the Red River Basin 
1940 to 19593 ean be reversed 
when high quality surface waters are 
available throughout the for 
needed industrial and agricultural ex- 
pansion. 


from 


basin 
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1. ‘‘A Progress Report 


ice, Region (June 1958). 


‘* Improving 


QUALITY DEGRADATION OF THE RED RIVER BY 
MAN-MADE SOURCES 


im- 
prove these quality conditions. In this 
connection the Red River Valley As- 
sociation has been quite active, and un- 


determine a course of action to 


doubtedly the authorization of a com- 
pact between the four States of Texas, 
Oklahoma, 
for 


Arkansas 
these 
added 


interest 


Louisiana, and 
waters 
mate- 
in this 


apportionment of 


among those States has 


rially to the increased 


quality problem. 


Survey Program 


knowledge that the 
the Red River 
waters, particularly above Lake Tex 
is influenced greatly by natural 
It had 


how ever, just 


It is general 


chemieal content of 


oma, 


as well as man-made sourees. 


not been determined, 


how much the natural sources were 


contributing to this condition nor how 


much the 


made sources Were Con 
tributing In order to establish more 
specific information along these lines, 


initiated 
the U. S. 


a cooperative endeavor was 


in February of 1958 with 


4 
es, 
& 
; 
: : 
By 
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Public Health Service, Region VII Of- 
fice in Dallas and the Texas State 
Health Department, whereby a survey 
would be made of the Upper Red River 
Basin in Texas with the purpose of de- 
termining the location, type of souree, 
and extent of chemical contribution to 
the waters of the Red River. Person- 
nel was furnished jointly by the co- 
operating agencies. Headquarters were 
established in Wichita Falls in the of- 
fices of the City-County Health Unit. 
This particular portion of the survey 
continued through June 30, 1959. 

In the early part of this study, prob- 
lem areas were located both in oil field 
areas and in the upper part of the 
Wichita and Pease River Basins where 
natural pollution occurs. Care was 
taken to locate the precise stretches of 
the rivers where degradation occurs. 
Not only were salt springs and marshes 
located, but the oil field areas having 
poor brine disposal techniques were 
also spotted. During these operations, 
daily chloride sampling stations were 
maintained and readings were taken 
at flow gaging stations established in 
the area by the United States Geologi- 
cal Survey in cooperation with the 
Texas Board of Water Engineers. In 
this way corresponding discharge read- 
ings would supplement quality records. 
Where established gaging stations were 
not available, flow and quality deter- 
minations were made in the field at 
strategic locations in the Basin. As 
most of the sources of pollution were 
located, weekly sampling programs 
were established. 


Red River Quality 


A review of the water quality situa- 
tion of the Red River System reveals 
that organic, or sewage, pollution does 
not appear to be a major factor affect- 
ing beneficial uses—although possibly 
there are certain localized areas where 
improvements can be made. It is evi- 
dent, however, that there are areas of 
chemical contribution located in the 
upper reaches of the Red River Sys- 
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tem—in Oklahoma and Texas—which 
have a material effect on the aceeptable 
quality of the water. Waters in this 
area are high in total solids, frequently 
ranging above 3,000 mg/l; over 1,000 
mg/l in chlorides; and around 500 
mg/l sulfate content. This poor quality 
water flows, with a little dilution, into 
Lake Texoma which serves to some ex- 
tent as a ‘‘quality equalizing pond’’ as 
is evidenced by the quality of the 
water being discharged from the dam. 
In this discharge, total solids average 
about 1,000 mg/l; chlorides, around 
400 mg/l; and sulfates, in the vicinity 
of 250 mg/l or less. There is, of course, 
dilution water entering the river sys- 
tem between the Denison Dam and 
Texarkana. At Texarkana (some 170 
highway miles downstream) total solids 
during the period of September 1958 
through September 1959 averaged 
somewhat less than 550 mg/I and chlo- 
rides and sulfates somewhat less than 
190 mg/1. 


Sources of Pollution 


It is estimated that the chloride load 
of the Red River at Gainesville which 
is the upper portion of Lake Texoma, 
is in the vicinity of 3,400 tons per day. 
In one basin contributing 704 tons per 
day it was determined that some 362 
tons per day originated as oil field 
brines. On this basis, therefore, it 
seems apparent that, in this area at 
least, approximately 50 per cent of the 
total chloride load entering the Red 
River is from man-made sources and 
the other half originates from natural 
sources. 

With regard to the oil field brine 
problem, oil production in the Upper 
Red River Basin constitutes only about 
6 to 7 per cent of the over-all statewide 
production. The general area of oil 
production in Texas in the Upper Red 
River Basin is relatively small com- 
pared to that area containing sources 
of natural pollution. According to 
figures which are only approximate, 
there are roughly 13 mgd of salt 
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water produced for the entire State. A 


reliable breakdown of disposal prae- 


tices is not available but brine dis- 


posal by injection is quite common; 
consequently, it is not inferred that all 
of this water reaches water courses of 
the State. 
producing areas, the heavy production 


areas are not 


As is usually the case in oil 


necessarily a primary 


source of large volumes of salt 


water. 
Most salt water is produced from the 
rather old fields where the operation 
involves pumping as much as 80 or 99 


bbl of salt water for every barrel of 
oil. These operations are sometimes 
referred to as fields. In 
this particular area, however, the aver- 
age mineral concentration of oil field 
brines is higher than it is in other 
areas of the State. Most of the brines 
in the Red River Basin will average 
around 100,000 mg/l chloride. Ob- 
viously, a small volume of this highly 


‘stripper 


concentrated brine is capable of mate- 


rially affecting larger volumes of water 


—for instance one pint containing 
100,000 mg/l chlorides will! cause a 
100-m¢ l increase of chlorides in 125 
gal. <A flow of 1 ¢fs for 24 hr will 


Chief Engineer and Director, 


The 


mountains of 


rises in the 
Arkansas and 
the State, 
finally leaving in the eastern third of 
its southern boundary. 


River 
western 


Ouachita 


flows southeastward 


across 


In the upper reaches the water qual- 
ity is excellent. Table | the 
chemical quality at Mt. Ida. 

At mile 311 pollution from oil fields 
enter the 

Creek, deteriorating the 
water to such an extent that the State 
of Louisiana threatened to invoke Pub- 


shows 


begin to river through 


Smackover 
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IV. ONE ABATEMENT PROGRAM AND WATER QUALITY OF 
THE OUACHITA RIVER—A TRIBUTARY OF THE 
RED RIVER 


By G. T. KELLOGG 


{rkansas Bureau of Sanitary Engineering, Littl 
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raise by 100 mg/l, 2,000 acre-ft of 
water. 

Krom these 
theoretically reduce ap 
preciably the mineral content of the 
Red River proper 
control of relatively small volumes of 
brine. The application of 
this theory is the next phase of study. 

It is becoming somewhat apparent, 
nevertheless, that the approach to the 
solution to this problem must be a 
joint one in which control of not 
only the man-made pollution must be 
achieved, but also some control of the 
natural 


examples, it appears 


feasible to 
with 


sasin water 


practical 


sources of pollution must be 
achieved simultaneously. In pollution 
activities, the effect 
wastewater on a receiving stream must 
detrimental to some of the 
Ses, In 


enforcement of a 
be proven 
however, it 
is not unusual for the natural mineral 
content of the receiving 
stream to be far in excess of acceptable 


water this area, 


water of the 


limits prior to the introduction of any 
wastes. This condition presents many 
interesting and unusual aspects which 
require solution as more pertinent data 
and 


information become available. 


Rock, Ark. 


Table II 
ditions at Smackover Creek. 

In the river at this point the re- 
sulting admixture indicates chloride 
contents of 192 mg/l at 3-ft depth and 
5,110 mg/l] at 15-ft depth (1 

A total 19,800,000 gal, equivalent to 
12,500,000 Ib of salt, enters the Oua- 
chita system daily. 


lie Law 660. shows the con- 


Arkansas Program 


The State of Arkansas, recognizing 
its responsibility to its sister state, be- 


we 

; 
a; 
| 
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TABLE I.—Water Quality in Ouachita 
River at Mt. Ida 


Item Amount 

pH 
Total alkalinity (mg/l) 76 
Total solids (mg/1) 113 
Total hardness (mg/1) 90 
Carbonate hardness (mg/]) 76 
Non-carbonate hardness 

(mg/l) 14 
Cl (mg/l) 2 
SO, (mg/}) 8.0 
Ca (mg/l) 29.2 
Mg (mg/l) 4.1 
Fe (mg/l) 0.10 
Mn (mg/l) 0 


gan a program aimed at cleaning up 
and maintaining the water quality so 
that, at the Louisiana State line, it 
could be put to any use. 

One of the first things needed was 
the sourees of all pollution entering 
the river. Staff and budget limitations 
made it look for other 
sources of This was ob- 
tained from federal and state funds 
and a consulting engineer was em- 
ployed to make a comprehensive sur- 
vey. All laboratory work was done by 
the Arkansas Water Pollution Con- 
trol Commission. 

The work order stipulated that all 
waste municipal, industrial, 
and oil fields, were to be surveyed. A 
report was prepared within 10 months. 

The Water Pollution Control Com- 
mission is bound to hold public hear- 
ings in the area where pollution is 
occurring (2). After holding these 
hearings and receiving all data from in- 
terested parties, the Commission then 


necessary to 
financing. 


sources 


TABLE II.—-Water Quality in 
Smackover Creek 

Item Amount 
pH 6.8 
Total alkalinity (mg/l) 48 
Total solids (mg/l) 41,174 
Total hardness (mg/l) 8,000 
Cl (mg/I) 17,688 
SO, (mg/l) S6 
Ca (mg/l! 1,700 
Mg (mg/l) 925 
Fe (mg/l) 17 
Mn (mg/I) 0 
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decides on a course of action. After 
this decision has been reached a second 
hearing must be held. The first hear- 
ing is called ‘‘fact-finding’’ and the 
second, a ‘‘show-cause hearing.”’ 

At the ‘‘show-cause hearing’’ those 
persons, firms, corporations, or munici- 
palities to which the Commission con- 
templates issuing an order, are given 
an opportunity to show cause why the 
order should not be issued. 

After this hearing the Commission 
may or may not issue an order as the 
case may be. 

After receipt of the Lower Ouachita 
Report, hearings were held in the vari- 
ous areas of the river basin, followed 
by the proper ‘‘show cause’’ hearings; 
orders were then issued to 196 oil well 
operators, 4 communities, and 2 in- 
dustrial establishments. 


Order to Oil Field Operators 


The order to the oil field operators 
has unique ramifications which should 
be of interest. 

This order required all operators in 
the affected area to gage salt water and 
waste production from all wells be- 
tween December 1, 1958 and February 
15, 1959. Wells could be gaged by any 
method utilized by the Arkansas Oil 
Association, or by methods acceptable 
to the Arkansas Oil and Gas Commis- 
sion. The information was known as 
the base volume. 

The order (3) further stated that 
each operator was to reduce this base 
volume 20 per cent during the next 12 
months and each succeeding 12 months 


thereafter. Thus, there is basically a 
5-yr planned reduction of oil field 
wastes. The methods of reduction, 


whether by ‘‘shut-downs,’’ ‘‘squeeze- 
ins,’’ ‘‘reworks,’’ abandonment, or in- 
jection system, were required to be 
filed with the Commission. Each well 
and battery plans were thus on file at 
their office. 

A further facet of the order per- 
mitted one or more operators to join 
together, thereby permitting small op- 
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erators to merge, or unite with large 
operators. If any operator chose to 
dissolve this association, he was per- 
mitted to do so, provided he reduced 
his base volume 20 per cent. 

Finally, the order stated that any 
operator failing to accomplish 20-per 
cent reduction within the 12-month pe- 
riod must automatically dispose of all 
his brine production immediately. A 
$1,000 fine was incorporated into the 
order and each day’s offense was made 
a separate offense. 


Evaluation of Program 


Near the end of the first year field 
reports and surveys indicate that ap- 
proximately 27-per cent reduction of 
salt water will be accomplished. 

In 1959 the Legislature recognized 
the impact of the order on the oil in- 
dustry and, further recognizing that 
future orders will most certainly be 
issued, passed another Act, which gives 
back to the oil operator his severance 
tax if he installs an injection system, 
meeting the requirements of the Oil 
and Gas Commission and the Arkansas 
Water Pollution Control Commission. 
However, in no event is the oil op- 
erator permitted to recover more than 
his cost of operation and maintenance 
of the injection system. 

Estimates of the cost of the law to 
the State of Arkansas are shown in 
Table ITT. 

The gradually increasing costs re- 
fleet the probable difficulty in the 
abatement program. Initially, the 20- 
per cent reductions will be gained 


By 


, Division of Public Health 


V. THE DOWNSTREAM END 


Joun KE. Tryae 


Enainee 


TABLE III.—Estimated Cost of 
Pollution Control Law 


Year Cost ($) 
1959 105,000 
1960 175,000 
1961 240,000 
1962 310,000 
1963 370,000 
Each calendar year 

thereafter 370,000 


by ‘‘shut-downs,’’ ‘‘reworks,’’ and 
**squeeze-ins.’’ Later on these will 
not take care of the salt water produe- 
tion and, consequently, more injection 
systems will be needed, with increased 
severance tax turnbacks. 

In the first year, 16 injection sys- 
tems are being or have been installed 
and many are planned for the second 
year of the program. 

The Arkansas Water Pollution Con- 
trol Commission has established stream 
monitor stations in all areas affeeted 
by the order. With their previous 
stream data they believe that the an- 
ticipated 20-per cent reduction is ac- 
tually occurring and while the cost to 
the state may not seem to be a large 
sum to others, it is a substantial sum 
to the State of Arkansas and is a price 
that shall and must be paid to provide 
a sister state with the water quality 
she desires and deserves. 
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ring, Louisiana State Board of Health, 


Vew Orleans, La 


To Louisianians being on the down- 
stream end means that eventually the 
State will receive all of the water fall- 
ing on the watershed, used and un- 


used, wanted and unwanted, and that 


it comes both on top of the ground 


and in the ground. 


This discussion will concern itself 


3 
| 
4, 
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with water quality as pertinent to 
domestic water supply and the health 
aspects in recreational use. 


Ground Water 


Ground waters are abundant and of 
usable quality throughout the state ex- 
cept in a small portion of the northern 
part and the seven parishes bordering 
the lower Mississippi River. Recharge 
of the aquifers are from within and 
without the State. Much of the State’s 
ground water needs no treatment and 
in some cases artesian flow provides 
sufficient head so that pumps to main- 
tain pressure on the distribution sys- 
tem are not needed. One such case is 
the City of Slidell which has an ar- 


tesian well which delivers 3,250 gpm 
at a head sufficient to eliminate the 


need for pumping. This water is of 
top quality and chemically requires 
no treatment. 

Industry uses a great deal of ground 
water, particularly in the Baton Rouge 
and Lake Charles areas and the ground 
water table has been adversely affected 
in these areas. The result has been 
that municipalities have had to lower 
their pump bowl settings or go to 
different aquifers. 

Agriculture also draws heavily from 
the underground in the rice growing 
areas in South Louisiana. 


Surface Water 


In addition to the ground water re- 
sources, Louisiana has tremendous sur- 
face water resources which is under- 
standable in that Louisiana has an 
average annual rainfall of approxi- 
mately 56 in. and as previously stated 
it is the lowest portion of the largest 
drainage shed in the continental United 
States. The Mississippi flows along the 
Louisiana-Mississippi boundary and 
through the southern part of the State. 
The State is flanked on the east by 
the Pearl River, on the west by the 
Sabine and in between are the Ver- 


milion and Caleasieu and, of course, 
the Red River and the Ouachita River 
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in the Mississippi System as well as 
the Atchafalaya which is basically a 
distributary of the Mississippi. <Aj- 
though surface waters are used for 
domestic supplies in various parts of 
the state, only the seven lower Missis- 
sippi parishes use surface sources ex- 
clusively. 

Louisiana problems in water quality 
are largely potential. Although sur- 
face water ranges from good quality to 
fair, there is no source in Louisiana 
that need not be treated before use in 
a domestic system. The major prob- 
lems in treatment are those of tastes 
and odors. These are basically from 
industry sourees although there are 
examples of heavy organic contamina- 
tion by domestic sewage, particularly 
from the City of New Orleans where 
the coliform content has run as high 
as 1,000,000 per 100 ml of sample at 
water plants below the City. The 
Mississippi River above New Orleans 
where the population is more dispersed 
has been in better condition. Growth 
of population centers has been recent 
and treatment works are being built to 
match the cities’ growth. The latest 
accomplishment in improving the qual- 
ity of the lower Mississippi River water 
was the Baton Rouge bond election 
where funds were voted for not only 
major trunk lines for the City but for 
primary treatment works for all sew- 
age. 

Pollution Problems 


The tastes and odors in the water 
are largely attributable to industry dis- 
charges to the Mississippi River in 
Louisiana and in the over-all river 
basin above the State. Some of the 
local sources of pollution have been 
difficult to cope with, particularly in- 
termittent discharges such as those oc- 
curring from ocean vessels which may 
travel up the River as far as Baton 
Rouge. 

It is believed that many problems of 
water pollution control in Louisiana 
are directly attributable to the fact 


| | 
hie 
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that this State has so much water. In- 
attracted with the 
idea that not only will they have an 
abundant water, but that 
they will have abundant water for dilu 
tion. 


dustries have been 


source ol 


Another matter which greatly c¢on- 
the State Board of 
Health is that of heavy metals. The 
U. S. Publie Health Service Drinking 
Water Standards state that there shall 
be no heavy metals in drinking water, 
and with that in mind there is concern 
with the that may be oe- 
curring not only in Louisiana, but 
probably in the upper Mississippi Val- 
ley states. 
stand permits to discharge 
heavy metals when an industry in mak- 
ing application can prove that the 
discharge will not be readily detected 
or detected at all. The question ap- 
pears to be ‘‘ How fast will a buildup 
occur and how heavy a buildup may 
we allow?”’ 
Some of the 
ably stem from the action of those who 
are disciples of the theory of ‘‘ dilution 


cerns Louisiana 


discharges 


It is difficult to support a 
to deny 


major problems prob- 


JOURNAL WPCF 


July 1960 


solves all pollution.’’ 
River with its volume 
would seem to be able to provide the 


The Mississippi 


tremendous 


necessary dilution but when there are 
many contributors and when some of 
the troublesome substances to a water 
plant 
cannot be 


are not removed naturally or 
treat- 
not the 
There is a ques- 
water treatment 
plant should also serve in the capacity 
of a waste treatment plant. 

Although the Red was used 
for a domestic source at Shreveport, 


removed in normal 
dilution is 


answer to pollution. 


ment 


pre 


tion as to whether a 


River 


Louisiana, at one time, its use was 
abandoned a number of years ago, and 
the River has not served as a souree 


then until 1959 when 
completed a new water 
treatment plant using the Red River 


as a source. 


of water since 


Bossier City 


In summary, Louisiana water qual- 
ity problems are not the greatest in 
these United States, but definite and 
difficult problems are foreseen unless 
controls can be exerted to stop their 
development. 


VI. WATER QUALITY CONTROL IN A WATER-RICH STATE 


By K. 


Executive Secretary, Louisiana 


Any summary report on surface and 
ground water resources in the State of 
Louisiana always produces impressive 
figures and the imagination. 
To any state water pollution control 
administrator, the 
normally averaging 


startles 


flowages 
nearly 700,000 
cubie feet per second in one day’s total 
flow for all should bring 
about the kind of satisfaction known 
only to those who have unlimited credit 
at the bank. Adding to this eredit are 
dividends in the average 
annual rainfall and ground 
water enough to cover the State to a 
depth of 70 ft if it were all brought to 
the surface. A 


vision of 


streams, 


of an 
of 56 in. 


form 


closer look at these 


Stream Control Commis 


BIGLANE 


sion, Baton 


Rouge, La. 


liquid assets, however, reveal that of 
the major river basins in the 
State, the stream flows in one river, the 
Mississippi, constitutes 83 per cent of 


seven 


the total average flow by its own con- 


tribution. 

The indus- 
tries that use tremendous quantities of 
water. 


state has a number of 
This quantity has been esti- 
Notable 


are oil re- 


mated in excess of : 
the 
fineries, paper mills, chemical plants, 
and sugar 


3790 med. 
among largest users 

mills. 
this 


loads, ultimately finds its way 


As can be expected, 


most of water, carrying waste 


back 


into the river basins. 


: 
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Stream Control Commission 


The water quality control authority 
for Louisiana is the Stream Control 
Commission and is composed of the 
heads of other State boards or depart- 
ments such as Health, Agriculture, Oil 
and Gas, Wild Life, Attorney General, 
and Commerce. The Commission is 
supplied with and makes its policies 
from technical data furnished by a re- 
search and survey division, the Divi- 
sion of Water Pollution Control, under 
the Louisiana Wild Life and Fisheries 
Commission. This research and survey 
group is well-staffed and equipped to 
carry out its functions. 


Pollution Control Problems 


Sinee the surface water from all 
major basins arises from outside the 
state, water quality control inside the 
state is sometimes hampered at the out- 
set. Interstate rivers such as the Red 
and Ouachita Rivers in Louisiana were 
seasonally polluted by paper mill 
wastes from Arkansas. Occasional 
spillages of crude oil from stripper 
fields, together with chlorides in oil 
field brines from this same State have 
rendered the Ouachita virtually use- 
less to Louisiana although it flows 
through a prime industrial area and a 
heavily populated section of the State. 
The recent positive enforcement steps 
taken by the Arkansas Water Pollu- 
tion Control Authority have raised high 
hopes for the future use of this 
great river. Likewise, the tremendous 
amount of groundwork done by repre- 
sentatives of the four States of Ar- 
kansas, Texas, Oklahoma, and Louisiana 
preparing for a compact with anti- 
pollution considerations on the Red, 
has awakened new encouragement for 
this important river system. 

A number of things make the man- 
agement of surface water difficult in 
the State. The higher, hilly portions 
of the Northwest, Central, and North- 
east Louisiana melt into low, marshy 
plains on the Gulf Coast. Waters flow- 


RED RIVER 
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ing southward into these flat areas are 
influenced by tides and accompanying 
reverse flows resulting in the reuse of 
industrial waters, particularly cooling 
water, taken from these streams. This 
can and has brought about stacking or 
compounding of organic loads, salt 
water intrusion from the Gulf (even 
in the Mississippi River), and water 
stagnation resulting from the decay of 
natural organic detritus in a stream 
whose positive downstream flow is 
stymied by tidal actions from the Gulf. 
In these areas are large concentrations 
of raw sugar mills which have con- 
denser water and other wastes dis- 
charges approaching 200,000 gph and 
containing dissolved sugars from en- 
trainments. Pollution of water bodies 
receiving this waste was the rule rather 
than the exception prior to 1957. In- 
the-mill correction for sugar entrain- 
ment and impounding of certain mill 
wastes high in BOD, resulted in a de- 
crease of from 87,000 lb BOD/day in 
1954 to 20,000 Ib BOD/day in 1957 
in one short stretch of Bayou Teche. 
This particular stream is cited for it 
was the worst polluted area in the 
State during the grinding season. 
Other similarly affected streams have 
been unburdened in a like manner but 
the lack of continuous flow to the Gulf 
prevents a maximum corrective action. 


Results 


Industrial expansion on the Missis- 
sippi River has brought forth water 
quality maintenance concepts which 
were found only by intensive researches 
and surveys of the river itself. Be- 
cause the river serves as a source of 
drinking water for almost a million 
people below Baton Rouge, the Stream 
Control Commission, in conjunction 
with the State Board of Health, 
adopted a policy of not allowing any 
increase in raw sewage discharges be- 
tween Baton Rouge and New Orleans 
begmning in 1956. Among the im- 
provements by other towns and indus- 
tries in this stretch of river, this policy 
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has, in part, resulted in a 22-million 
dollar bond issue being passed by the 
City of Baton Rouge to construct sew 
age collection systems and treatment 
plants. 

On a yearly basis, the river nor- 
mally flows an average of more than 
500,000 cfs and this should prevent 
the possibility of septicity from organic 
wastes. The Commission bases indus- 
trial waste dilutions on low flow aver- 
ages of 100,000 efs. Taking into ac- 
count the chloride loads contributed 
by upstream states, and industries in 
Louisiana, no additional oil field brines 
were allowed to be discharged into the 
Mississippi River beginning in 1956. 

The restriction of those waste streams 
high in taste and odor components has 


Franciseo, Calif. 
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resulted in their underground disposal 
by two oil refineries and one chemical 
plant. Other treatment measures ap 
plied to these particular wastes are: 
specific recovery for salable fractions, 
stream stripping and flashing into su- 
perheated stack gases, chemical spring- 
ing for on-the-site neutralization, and 
treatment by biological oxidation. 

In summary, one can readily ap- 
preciate the fact that although Louisi- 
ana has a great potential supply of 
water, some basins are in geographical 
terrains that demand good pollution 
abatement practices. Other basins with 
tremendous flows can still be affected 
by industrial wastes and these wastes 
must be isolated and _ individually 
handled. 
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THE OPERATOR’S CORNER 


First comes the surface preparation, 
then comes the protective coating. It’s 
the old story of the ‘‘weakest link’’; 
the coating cannot form a strong bond 
with the surface if there is something 
beneath the coating weakly bonded. 
Dirt, rust, seale, oil, moisture, or other 
loose materials provide a weak founda- 
tion and cause loss of adhesion. Im- 
purities, such as oil or water, can pre- 
vent adhesion even when present in 
invisible quantities. Besides prevent- 
ing adhesion, some impurities, such as 
rust, seale, or dirt, contribute to break- 
down of the coating by drawing water 
through it, causing blistering and un- 
derfilm corrosion of metal. 

Steel is the most widely used strue- 
tural material, and steel surfaces are 
the ones most frequently encountered 
in protective coating applications. The 
major problem in preparing steel is 
the removal of all scale and rust. 

Seale (sometimes called mill seale 
or blue is a hard, blue-black 
layer formed on steel sheets during 
manufacture. It often adheres tightly 
to new steel, but usually loosens with 
age due to the difference in the ecoef- 
ficients of expansion. If a coating is 
applied over seale, it also will come 
loose when the seale loosens. Seale is 

* Presented at the 26th Annual Meeting, 
Pacifie Northwest Pollution Control Assn.; 
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Wash, 


lower than steel in the galvanic series 
and accelerates corrosion; it must be 
completely removed for best results. 
Rust is familiar to everyone. It 
varies in color from bright red to deep 
brown, and may be loose and powdery 
or hard and brittle. In any ease, it 
provides a weak foundation, contrib- 
utes to breakdown of a coating applied 
over it, and promotes further corrosion. 
In the sewage field, hydrogen sulfide 
reacts with iron in the presence of 
moisture, but with a limited oxygen 
supply. Here, the hydrogen sulfide 
forms iron sulfide, which in turn re- 
acts with water to form ferrous hy- 
droxide as a hydrated iron oxide. 
With the addition of water and oxy- 
gen, the ferrous hydroxide can be con- 
verted to ferric hydroxide, which can 
be dehydrated to the ordinary ferric 
hydroxide or rust. If proper surface 
preparation of the steel is not effected, 
small amounts of water-soluble hygro- 
scopie salts may be left on the surface 
of the metal to be coated. If this is 
the ease, and since all organic coatings 
ean be considered to be semipermeable 
membranes, moisture vapor can pass 
through the film and be adsorbed by 
the water-soluble salts on the surface 
of the metal, creating a concentrated 
solution at that point. From then on, 
the process of osmosis will take over 
and pass water through the coating, 


— 
> 


creating blisters and, eventually, coat- 
ing disruption. 

Even though the surface is brought 
down to a gray metal, it is still pos- 
sible for sulfides to be left on the sur- 
face. In this case, several procedures 
may be used to remove the possibility 
of an area of poor adhesion or a con- 
tinuance of the sulfide reaction under- 
neath the film. Where sulfides alone 
are the problem, it is a good idea to 
wash the clean metal surface with 
water and allow the entire area to 
thoroughly oxidize. This aids in oxi- 
dizing the remaining sulfides to iron 
oxide, which then can be removed by a 
second, fast blasting operation. An- 
other method, especially where high 
humidities are a factor and it is de- 
sirable to protect the surface of the 
steel from all moisture, is to flame- 
treat the clean surface, after which it 
ean be given a light blast to bring out 
the gray metal. For best results, rust 
must be completely removed. 

The methods most widely used in 
industry for removing seale and rust 
are blast cleaning, pickling, and me- 
chanical and chemical cleaning. 


Blast Cleaning 


Blast cleaning is the best method 
for cleaning steel because it is effective 
in removing seale and rust, and it 
roughens the surface to provide an 
anchor for the coating. 

Ideally, blast cleaning of steel should 
completely remove all rust and seale 
and result in a surface with a uniform, 
light-gray color with no black spots, 
rust spots, or shadows. In actual prac- 
tice, however, the degree to which the 
surface is cleaned by blasting varies 
considerably, depending on the rate of 
cleaning, quantity of air, and type of 
abrasive. 

To obtain the desired result, it is 
essential to know what the quality of 
surface must be. To this end, the 
Steel Structures Painting Couneil (1) 
established standards for different 
levels of blast cleaning: 


46 JOURNAL WPCF July 1960 


1. Blast Cleaning to ‘‘White’’ 
Metal. <All traces of rust, seale, old 
paint, or other foreign matter are re- 
moved, producing a uniform, light- 
gray finish. 

2. Commercial Blast Cleaning. All 
rust, scale, and other foreign matter 
are removed, but not all the embedded 
base of the mill seale or gray oxide 
binder between the seale and_ steel. 
Dark streaks often appear in the sur- 
face after blasting is completed. 

3. ‘‘Brush Off’’ All loose 
rust and scale are removed, but not 
tightly adhering mill seale and rust. 


Regardless of the standard of blast- 
ing specified, the same procedures are 
followed : 


A blasting setup includes the abra- 
sive, which may be sand, grit, or shot, 
compressed air, hose, nozzle, and pot. 
The abrasive is loaded into the pot— 
a closed tank of about 50 to 100 gal 
capacity—and high pressure air is led 
to a mixing chamber in the bottom. 
Air picks up a regulated amount of 
abrasive and carries it at high velocity 
through a hose leading to the blasting 
nozzle. The nozzle directs the stream 
of air-borne abrasive to the surface. 

The various types of abrasives which 
are used perform differently and pro- 
duce characteristically different types 
of surface pattern. The pattern or 
profile resulting from blasting is ex- 
tremely important in its effect on eoat- 
ing performance. If the surface is 
too smooth, there will not be an ade- 
quate ‘‘anchor’’ for the coating. If 
the surface is too rough, sharp pin- 
nacles of metal are likely to project 
through the coating and remain un- 
protected. 


Some of the more frequently used 
abrasives and their characteristies are 
as follows: 


1. Sand is probably the most widely 
used beeause it is readily available in 
nearly all locations. It is available in 
a wide range of particle sizes, rang- 
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ing from 8 mesh to very fine particles 
which will pass through an 80 mesh 
screen. Ordinarily, if sand is coarser 
than 16 mesh, U. 8S. Sieve Series, it 
tends to hammer the surface without 
getting into small depressions. 

It is important to use sand that does 
not produce dust. Dirty 
sand and even some types of clean 
sand break down on hitting the sur- 
face and produce large volumes of 
dust. This obscures the surface and 
causes extra work in removing dust 
after blasting. 

2. Steel grit is sometimes used in 
place of sand. Grit particles are hard, 
angular-shaped pieces of cast iron, mal- 
leable iron, or steel with sharp edges. 
Grit has several advantages over sand: 
it produces less dust, cuts faster, and 
ean be reclaimed for future use. Its 
disadvantages are higher cost and a 
tendency to roughen the metal exces- 
sively. Coarse grit will eut deeply into 
the surface, leaving points of metal 
sticking up. After the coating is ap- 
plied, it tends to run off these high 
points, leaving them bare, so several 
extra coats are required to build up a 
satisfactory film on such a surface. 

3. Steel or iron shot may also be 
used as an abrasive. But shot-blasting 
is relatively inefficient because the par- 
ticles are round and smooth, and tend 
to hammer foreign matter into the 
surface without removing it. Sand or 
grit blasting produces a better surface. 


excessive 


Conventional sandblasting procedure 
is to use dry sand and dry air; how- 
ever, ‘‘wet’’ blasting 
used 


procedure is 
dust is re- 
In wet blasting, water is in- 
jected at the nozzle or it is mixed with 
sand in the pot. In this process very 
little dust is produced, but it results 
in a surface covered with mud which 
must be washed off. 


sometimes because 


duced. 


Phosphorie acid 
is frequently added to the wash water 
to reduce the rate of rusting. 
Preparation by wet blasting is not 
recommended for most protective coat- 
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ings because the surface always rusts 
before the coating is applied and phos- 
phoric acid produces a powdery sur- 
face which must be brushed off. 

Many sandblasters believe they need 
only remove loose scale and rust; they 
often say that tightly adherent scale 
is ‘‘in the steel’’ and can’t be removed. 
It can be removed, and must be re- 
moved when a ‘‘white’’ blast is speci- 
fied. 

Removal of dust is extremely im- 
portant. If dust remains, it prevents 
the coating from contacting the metal 
and results in lack of adhesion. 

As sandblasted surfaces rust rapidly, 
the prime coat should be applied the 
same day the surface is blasted. Do 
not allow the surface to stand over- 
night. 


Pickling 


Acid pickling is frequently used to 
clean steel objects small enough to be 
immersed in a tank of pickling solu- 
tion. It is often preferred to blast 
cleaning in a production line setup be- 
cause less labor is required and no 
dust is created. A typical procedure 
involves the following steps: 


1. Degrease with 
xylol. 

2. Immerse in hot acid until all 
seale and rust are dissolved. <A 
suitable solution is 20-per cent 
sulfurie acid at 180°F. 

3. Rinse in hot water. 

4. Immerse in 5-per cent phosphoric 
acid solution to reduce the rate of 
rusting. (When rinsed off with 
water, this does not form the 
powder mentioned under sand- 
blasting. ) 

5. Rinse with hot water and dry. 


solvent such as 


The coating must be applied before 
the steel commences to rust, preferably 
as soon as it is dry. It should not stand 
more than four hours. 

This process has given satisfactory 
results in some cases; however, it is 
not entirely reliable because solutions 
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become contaminated, and many pro- 
prietary pickling compounds of un- 
known composition and properties are 
used commercially. Therefore, acid 
pickling is not recommended as a 
means of metal preparation where a 
coating is to be used as a tank lining. 


Mechanical Cleaning 


Mechanical cleaning processes used 
where blast cleaning is impractical in- 
clude chipping or scraping, sanding, 
and wire brushing. These methods are 
not satisfactory when the coated sur- 
face is to be continuously immersed, 
but may be adequate if it is exposed 
only to fumes, spillage, or occasional 
washing. 

Chipping or seraping is the best 
method of mechanical cleaning of 
rough surfaces if it is done carefully. 
The disadvantages of this method are 
that it is extremely slow, and it tends 
to roughen the surface excessively. 
However, it is the best mechanical 
method for preparing pitted surfaces. 

The best procedure is to use a pneu- 
matie chipping hammer on heavy rust 
and tight Loose rust can be 
chipped or scraped by hand. Power- 
driven sanders should follow seraping 
to complete the cleaning. Oil or grease 
should be removed with solvents. 

Sanding is not usually effective on 
heavy or hard deposits of rust and 
seale. It effective, however, on 
moderately rusty metal or following 
cleaning with a chipping hammer. 

Wire brushing in 


seale. 


is 


is most cases a 


Surface Preparation 


Continuous Immersion 


White blast 
Commercial blast 
Brush-off blast 
Pickling 
Power-tool cleaning 
Hand cleaning 


Ideal 

Trouble 
Trouble 
Trouble 
Trouble 
Trouble 


| 
breeder 
breeder 
breeder 
breeder | 
breeder | 
| 
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useless procedure, but it is still widely 
used industrially. When wire brush- 
ing by hand, the average workman is 
unable to apply continuously enough 
force to the brush to remove anything 
but very material. The brush 
tends to skip over the surface from 
one high spot to another, without af- 
fecting foreign matter in pits or de- 
pressions and without removing tight 
rust or scale. Power brushing, using a 
rotating wire wheel, is only a slight 
improvement. A power-driven brush 
still won’t remove tight rust or scale, 
and the rotating action tends to pro- 
duce a smooth polished surface which 
not to adhesion. 
Wire brushing is not usually reecom- 


loose 


is conducive 200d 


mended by coating manufacturers. 
Choice of Methods 


As previously indicated, blast clean- 
ing is the best method of preparing 
steel surfaces. There are circum- 
stances, however, where this procedure 
is not practical or economical and a 
substitute method is desired. In these 
eases, the most practical method will 
depend on the exposure, the type of 
finish coat to be used, and the present 
condition of the surface. Each ease 
must be analyzed individually, but a 
few samples are listed in Table I. 

A wide variety of cleaning materials 
and methods used chemical 
cleaning. Surface preparation can be 
accomplished by solvent wiping, vapor 
degreasing, alkali steam cleaning, 
and emulsion cleaning to 


are in 


or 


remove 


for Various Conditions of Use 


Coating Exposure 


Alternate Wet and Dry Dry Fumes 


Ideal 

Safe compromise 
Trouble breeder 

Safe compromise 
Trouble breeder 

Trouble breeder 


Ideal 
Sate compromise 
Safe compromise 
| Safe compromise 
| Safe compromise 
Depends on quality of 
cleaning 
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grease and other surface oils prior to 
removal of rust and seale. In all 
methods of solvent cleaning, except 
vapor degreasing, the solvent soon is 
contaminated with the removed dirt, 
oil, ete., which after a short time is re- 
deposited on the surface. To avoid 
this, solvents must be renewed con- 
stantly. 


Structural Details 


Protective coatings generally can- 
not be applied successfully over sharp 
corners or in narrow cracks. When 
applied over sharp corners or points, 
the coating draws back from the edge 
during drying. No matter how care- 
fully it is applied, the coating will be 
thin on all sharp edges and projec- 
tions. Cracks present another prob- 
lem because of the difficulty of getting 
the coating into a narrow opening. 

For complete protection, as in lin- 
ing a tank, sharp edges and cracks must 
be eliminated : 


1. Rough welds and other sharp 
edges must be ground smooth. 

2. Weld splatter must be knocked 
off with a scraper or a chisel. 

3. Seams joined with skip welds 
must be rewelded with a continu- 
ous bead. 

4. Baffles must be welded on both 
sides. 

5. Rivets must be tight. 


If additional welding is required or 
if grinding is necessary, it should be 
done before sandblasting. 


Concrete 


Conerete surfaces are generally of 
three types: placed against forms, such 
as concrete walls; hard-trowelled, such 
as floors or sidewalks; and ‘‘gunited,”’ 
produced by spraying. 


Formed Surfaces 


Conerete placed in forms is the most 
difficult to prepare satisfactorily be- 
eause there are likely to be rough 
spots and pits in the surface. Rough 
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spots and projections must be smoothed 
by seraping ; then the holes and pits in 
the surface must be filled by ‘‘sack- 
ing.’’ Finally, the entire surface must 
be acid etched. The procedure is as 
follows: 


1. Serape off sharp projections with 
trowel or scraper. 

2. Wet surface and allow excess 
water to drain off. 

3. Mix a mortar, using one part 
cement and two parts sand with 
enough water to form a creamy 
paste. 

4. Rub mortar into pores, pits, and 
holes with a coarse cloth cement 
sack or wood float. 

5. Wipe off excess mortar so that a 
smooth, dense surface is ob- 
tained. 

6. After sacking, keep the surface 
damp for several days to cure 
the mortar. 

7. Etch entire surface with a mix- 
ture of one part hydrochloric 
(muriatic) acid and two parts 
water. 

8. Spread acid with brush or gar- 
den spray. Wet surface thor- 
oughly. Solution will bubble 
vigorously for 14 to 4% min as 
concrete is etched. When bub- 
bling ceases, acid is neutralized. 
Caution: Workmen should wear 
rubber gloves when applying 
acid. If spilled on the skin, 
acid should be washed off im- 
mediately with water. 

9. Wash surface with water. Brush 
during washing to remove salts. 

10. A properly etched surface is 
slightly granular and free from 
glaze. If glazed areas remain, 

repeat the etching procedure. 

11. Allow the surface to dry com- 

pletely before applying the coat- 
ing. 


Trowelled Surfaces 


Trowelled concrete is usually much 
smoother and easier to prepare since 
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there are unlikely to be any air pockets 
or holes. 
move any glaze, it need be etched only. 
It should be treated with a mixture of 
one part hydrochloric (muriatic) acid 
and two with 
clean water, and dried. If the surface 
is still polished after this treatment, 
the etching must be repeated. A prop- 
erly etched should have a 
definite ‘‘tooth’’ or perceptible rough- 
ness when rubbed with the fingers. 
In conerete are 
treated with hardeners to produce a 
The ap- 
hardened 
reliable and should be 
avoided unless test applications show 
that satisfactory be ob- 
tained. necessary to 
etch a hardened floor with concentrated 
acid to remove the glaze. 


To clean the surface and re- 


parts water, washed 


surface 


some cases, floors 
denser and smoother surface. 
plication of 
conerete is not 


coatings over 


adhesion ean 


Sometimes it is 


Gunited Surfaces 


Gunited concrete is made by spray- 
When the 
proper thickness is attained, it is usu- 
ally smoothed off with a wooden float 
or trowel. 

The finish is dense as is hard-trow- 
elled conerete, and if smooth, it can be 
prepared by acid-etching. If it has 
not been trowelled, it may be necessary 


ing mortar from a nozzle. 


The coatings normally used to pro- 
tect steel or concrete or both in munici- 
pal and industrial treatment 
works can be divided into the follow- 
ing classes : 

* Presented at the 26th Annual Meeting of 
the Pacifie Northwest Pollution Control Assn. ; 
Coos Bay, Ore.; Oct. 29-30, 1959. 
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to plaster the surface with cement 
mortar, as in sacking poured concrete. 

Where conerete has been badly cor 
roded by sulfides, sandblasting is the 
only suitable method of preparation. 
The conerete should be blasted back to 
a dark gray surface. There are three 
colors to be noticed in concrete which 
has been subjected to sewage condi- 
First, is the white color 
associated with the soft calcium sulfate 
deposit on the surface. Below this 
layer, the conerete will turn yellow. 
Next, there is a very sharp line of 


tions: there 


demarcation between the yellow and 
the normal dark gray of good concrete. 

It is necessary to go beyond the yel- 
low band to satisfactorily prepare con- 
erete because the yellow area will con- 
tinue to disintegrate, and if a coating 
is applied over it, it will fall away as 
the disintegrates. In 
blasting to the necessary depth, the 
conerete will become very rough, which 


eonerete base 


will necessitate resurfacing by either 
plastering or guniting to bring it back 
to its original Following 
this, the normal preparation for con- 


thickness. 
erete is recommended. 


Reference 
1, ‘*Steel Structures Painting Manual.’’ 
Vol. 2. Steel Structures Painting 
Council, Pittsburgh, Pa. (1955). 
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9. Butadiene styrene paints, 
10. Vinyl copolymer paints, 
11. Silicone paints, 

2. Epoxy resin coatings, 

13. Grease coatings, and 

14. Emulsion paints. 


A number of other types are avail- 
able, but the ones mentioned above are 
sufficient for a general survey. 


Bituminous Coatings 


Bituminous coatings are based on 
coal tar pitch or asphalt. They range 
from cut-backs and fiberized mastics 
to hot coatings applied in the molten 
state by mopping, dipping, pouring, or 
spinning. 


1. Coal tar pitch coatings are the 
most water-resistant compounds known. 
Their resistance to weak mineral acids, 
alkalis, salts, brine solutions, hydro- 
gen sulfide, and other aggressive chem- 
icals is remarkable. They give more 
value per dollar than any other pro- 
tective coatings, but have certain lim- 
itations. The color is black and the 
thinner coatings tend to alligator in 
the sun. They are strong taste and 
odor producers and cannot be used 
on surfaces in contact with drinking 
water. Therefore, they should be used 
only below sewage level or on interior 
surfaces, for instance in pump pits 
where the black color doesn’t matter 
and the sun doesn’t strike. 

Coal tar pitch coatings are available 
in different types which give different 
film thicknesses and should be selected 
according to the amount of protection 
needed. Concrete in most cases can 
be adequately protected by three coats 
of a coal tar pitch solution. Metal, 
however, needs a much heavier coating. 

The heavier grades are fiberized or 
jelled types of coal tar solutions which 
ean be applied at a low square footage 
per gallon without sagging, giving in- 
creased film thickness per coat. 

2. Asphaltic coatings are not quite 
as water resistant as coal tar coatings, 
but more weather resistant and do not 


alligator in the sun. Since they do not 
impart any taste to drinking water, 
they are very valuable coatings for 
protecting submerged conerete and 
steel in water works. They are manu- 
factured in different types providing 
different film thickness. Submerged 
conerete in water works can be ade- 
quately protected with two coats of a 
suitable asphalt solution. Steel, sub- 
merged or not submerged, however, 
needs one of the heavier grades to 
prevent corrosion. 

3. Coal tar epoxy coatings are mix- 
tures of a coal tar pitch and epoxy 
resin, eold-cured, with an amine. 

The remarkable resistance of coal 
tar pitch to the disintegrating action 
of water is well known. But they are 
not really tough, alligator in the sun, 
and are not resistant to animal or 
vegetable oils, household detergents, or 
solvents. The combination of coal tar 
pitch and epoxy resin combines the 
best features of both, and a properly 
formulated coal tar epoxy coating has 
truly outstanding characteristies. Ad- 
hesion and toughness are excellent, and 
the abrasion resistance is of the high- 
est order. 

The resistance to water, weak acids, 
detergents, and mineral, vegetable, and 
animal oil is very good. Resistance to 
weak solvents such as mineral spirits, 
diesel oil, gasoline, jet fuel, and lubri- 
eating oil is also good. Very strong 
solvents like xylol, toluol, and ketones 
attack the coating, but the coal tar 
epoxy is far more resistant to these sol- 
vents than the coal tar pitch itself. In 
addition, coal tar epoxies overcome the 
alligatoring of coal tar coatings and 
a thickness of 16 mils can be easily 
achieved in two coats. 

Coal tar epoxies are two-component 
systems which have to be mixed just 
prior to use. They are black in color, 
but interior surfaces painted with coal 
tar epoxies can be painted over with 
a colored, ecold-cured epoxy coating 
wherever the black color cannot be 
tolerated. 
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Even though coal tar epoxies are 
fairly new, they have already proved 
themselves 


Oil Paints 


Oil paints consist of a dispersion 
of one or more pigments in drying 
oils. The oils predominantly used are 
raw and bodied linseed oil. They 
form soft, elastic films which are very 
weather resistant and fail gradually 
by erosion, producing an_ excellent 
foundation for recoating. Their abra- 
sion, alkali, and water resistance is 
very poor. The only place for oil 
paints in wastewater treatment plants 
is on large wooden structures where a 
regular house paint is called for. Sew- 
age treatment plants must use a house 
paint which is lead-free because hydro- 
gen sulfide will turn any lead com- 
pound into lead-sulfide which is black. 


Phenolic Paints 


Phenolic paints are a combination 
of pigments and a phenolic varnish. 
Their properties vary with the type of 
phenolic resin and the type of oil, and 
also with the amount of oil present. 
Where outdoor durability is the de- 
sired feature, long-oil varnish, that is, 
a varnish containing plenty of oil, will 
give better performance. Wherever 
chemical and water resistance is es- 
sential, a short-oil varnish, that is, a 
varnish with a small amount of oil, 
should be selected. Phenolic paints 
may be used in severe industrial at- 
mosphere and for protecting steel sub- 
merged in water. 


Alkyd Paints 


Alkyd paints are excellent for struc- 
tural steel and machinery. There are 
different types of alkyd paints which 
differ in the amount of oil used in 
manufacturing this synthetic paint. 
Their chemical resistance is good 
enough for most atmospheric condi 
tions, and their durability, gloss re- 
tention, and toughness are remarkable. 
Their water and alkali resistance, how- 
ever, is rather low, and they should 
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not be used on bare conerete or on 
submerged structures. They are quite 
resistant to normal condensation as 
long as they are not used in places 
where the paint never has a chanee 
to dry. 

Epoxy Ester Paints 

Oil-modified epoxy paints combine 
the excellent adhesion, toughness, abra- 
sion resistance, flexibility, high gloss, 
and durability of an alkyd with the 
chemical and water resistance of a 
short-oil, 100-per cent phenolic varnish. 
Secause of the oil present, they do not 
approach the chemical resistance of the 
epoxy resin itself. They are inferior 
to chlorjnated rubber and vinyl paints 
in alkali resistanee and under condi- 
tions of constant submersion. 

Epoxy ester paints cover a much 
wider field than either chlorinated 
rubber or vinyl paints because they are 
applied as easily as ordinary paints. 
They are non-lifting, which makes 
painting over old oleoresinous enamels 
possible. 


Chlorinated Rubber Paints 


Chlorinated rubber paints combine 
acid, alkali, and water resistance to 
an exceptional degree. Acids, alkalis, 
salts, brine solutions, aleohol, gasoline, 
mineral oil, aggressive fumes, constant 
condensation, and water show no ef- 
fect. They are not resistant, however, 
to animal and vegetable oils or grease. 
Green concrete can be painted with 
chlorinated rubber paints without 
danger of their being saponified by 
free lime. 

Not all colors can be furnished for 
sewage treatment plants because hy- 
drogen sulfide reacts with some pig- 
ments and changes their color. All 
white lead pigments, chrome yellow, 
chrome orange, and chrome green are 
darkened by hydrogen sulfide. Flat 
chlorinated rubber paints make excel- 
lent exterior masonry coatings on con- 
erete, brick, stucco, and asbestos-cement 
shingles. They combine outstanding 
lime resistance with excellent weather- 
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ing properties. They can be applied, 
however, only on firm, solid masonry 
surfaces which have no tendeney to 
erumble or spall. 


Butadiene Styrene Paints 


Butadiene styrene paints show good 
acid, alkali, aleohol, mineral oil, and 
water resistance. Their resistance to 
vegetable and animal oil and fat is 
good, and much better than that of 
chlorinated rubber. Their water re- 
sistance is inferior, and they are not 
as suitable as chlorinated rubber paints 
for total submersion. They make ex- 
cellent conerete floor enamels. They 
are inferior in outdoor durability and 
gasoline resistance, but superior in 
fat resistance. Almost any aged paint 
can be painted over with butadiene 
styrene paints without lifting. 


Vinyl Copolymer Paints 

Vinyl copolymer paints are at least 
as resistant as chlorinated rubber coat- 
ings, and in addition they withstand 
exposure to animal fats and vegetable 
oils. They ean be used in treatment 
plants to beautify and proteet sub- 
merged conerete where a black eolor 
is objectionable. Sinee these coatings 
are not affected by grease, they can be 
used in aeration tanks in plants where 
grease and fat present. Chlo- 
rinated rubber paints would be de- 
stroyed under these conditions because 
they are soluble in fats. 


are 


Silicone Paints 


Water repellents based on silicones 
penetrate deeply into the pores of 
masonry, lining the walls of each pore 
with a very thin water-repellent film 
This thin film which is invisible and 
does not change the eolor or texture of 
the masonry surface prevents absorp- 
tion of Spalling caused by 
largely eliminated 
and efflorescence caused by the leaching 


water. 
freezing will be 
out of soluble salts in eommon bricks 


will be prevented. Staining and spot- 


ting also will be diminished. Silicone 
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however, 
waterproofing agents and will not stop 


water repellents, are not 
water under pressure. On _ cinder 
blocks where pores are very large, a 
cement wash coat should be applied 
first to fill the pores. A treatment with 
a silicone water-repellent minimizes 
peeling of interior paint because much 
less water will pass through the ma- 
sonry to push paint from interior walls. 


Epoxy Resin Coatings 

Cold-cured epoxy compounds make 
up one of the most interesting protec- 
tive coating systems. It is a two-pack- 
age system with limited pot life after 
mixing. This system is finding ap- 
plication where the resistance of a 
baked-on coating is desired, but the 
facilities for baking are lacking or the 
structures involved do not lend them- 
selves to the baking process. Ferrous 
and non-ferrous metals, conerete, and 
wood can be protected with this sys- 
tem which combines excellent adhesion” 
with very good abrasion and impact 
resistance and outstanding durability 
in extremely corrosive and humid at- 
mospheres. The system can be used 
for equipment, walls, ceilings, ma- 
chinery, and tanks. It may lift other 
types of coatings, therefore, lifting tests 
should be made before using. Interior 
surfaces painted with black coal tar 
epoxies can be painted over with a 
colored, cold-cured epoxy coating. 


Grease Coating 


Grease coatings consist of petroleum 
produets to which rust-inhibiting com- 
pounds have been added. They are 
easily applied by unskilled labor and 
do not require thorough surface prep- 
aration. Grease coatings are semi- 
drying; they stay sticky, should be eon- 
fined to surfaces not in contact with 
clothing, and not walked upon. 


Emulsion Paints 


Coal tar emulsions differ from coal 
tar solutions in that the coal tar pitch 
is dispersed in water instead of dis- 
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solved in a solvent. The film formed 
after the breaks is more 
porous than the film laid down from a 
solution. On concrete, a coal tar emul- 
sion gives good protection. On 
merged steel, however, the durability 
and length of coal tar 
emulsion is definitely less than that of 
a heavy coal tar solution. 

In enclosed areas where adequate 


emulsion 


sub- 


service of a 
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ventilation cannot be provided, a coal 
tar emulsion which not contain 
any annoying solvent is preferred over 
a coal tar Conerete which 
cannot be dried completely also ealls 
for a coal tar emulsion. 

Since coal tar emulsion may give a 
taste to water, it is better not to use 
it where it will come in contact with 
drinking water. 


does 


solution. 


INSPECTING PAINT COATINGS * 


By Sipney 8. LASSWELL 


Engineer, 
The success of every paint 
system depends on many variables, the 
most important of which are the type 
of paint selected for the exposure con- 
ditions expected, the quality of the 
paint, the surface preparation, and the 
procedures used for applying primers 
and all subsequent coats making up 
the paint system. 


nearly 


Paint Type and Quality 


Most individuals responsible for pre- 
paring paint specifications and making 
paint purchases must rely on the ex- 
perience and recommendations of rep- 
utable paint manufacturers. As a re- 
sult, purchasers generally specify the 
product desired by its trade name. If 
the purchaser makes the conditions of 
exposure clear to the paint company’s 
representative, he usually can be as- 
sured that th 
properly applied over a suitably pre- 


paint recommended, if 


pared surface, will give satisfactory 
protection. Only in the ease of a large 
municipality or federal state 


agencies can the practice of competi- 


and 


tive bidding on paint procedures be 


justified, since this method of purechas- 
ing paint will 


generally require a 


thorough program for determining 
* Presented at the 26th Annual 
Pacifie Northwest Pollution Control 


Coos Bay, Ore.: 29-31, 1959 


Meeting, 
Assn. ; 


Cornell, Howland, Hayes & Merryfield, Corvallis, Ore. 


compliance with paint specifications. 
A program of this type is extremely 
complex and should be attempted only 
by individuals completely familiar with 
all phases of paint manufacture. It 
can be that 


scope of 


said such a 
the 
paint who specify particular protective 


simi- 


program is 


beyond most users of 


coatings by brand name or on a ‘‘ 
lar or equal’’ basis. 


Field Inspection 


Surface preparation and paint ap- 
plication offer the greatest area for 
poor workmanship. They the 
points where field inspection is most 
important. But too often compliance 
with the manufacturer’s directions and 
the specifications is left to the paint- 
ing Unfortunately, the 
failure to provide adequate field in- 
spection has been used by some paint 
their advantage. 
Questionable practices by a few, gen- 


are 


contractor. 


contractors to own 
erally put pressure on the well-inten- 
tioned to eut corners to meet competi- 
The result is a lowering of the 
The 
problem is often magnified by incom- 
petence and lack of knowledge on the 
part of the painters themselves. Rarely 


tion. 
quality of painting for everyone. 


do painters have detailed knowledge 
of the materials they use, and this is 
particularly true in the case of the 
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newer paints. It is also the usual case 
that the men actually performing the 
work will be unfamiliar with directions 
for the application of the paint. 

To compound paint 
bidding procedures many times seem to 
be based on the assumption that the 
owner will not enforce the terms of the 
specifications as they apply to surface 
preparation, number of coats, and final 
thickness of the paint. To meet com- 
petition, the bid price is reduced, and 
the finished product suffers aceord- 
ingly. This laxity in carrying out the 
requirements for correct surface prep- 
aration and other important applica- 
tion procedures is quite general in the 
industry and ean be controlled only by 
a rigid system of on-the-job inspection. 


this problem, 


The importance of inspection during 
the painting process has not been em- 
phasized sufficiently, despite the facet 
that painting is probably the greatest 
single maintenance item around treat- 
ment plants and pumping stations. In 
the past several years, however, there 
has been a general upswing in the 
quality of the specifications for paint 
application procedures and in the pro- 
viding of qualified inspection person- 
nel. To further this trend, a detailed 
treatment of the relationships of ex- 
posure, materials, and surface prepara- 
tion, including field inspection, has 
been covered in considerable detail in 
Volumes 1 and 2 of the ‘‘Steel Strue- 
tures Painting Manual’’ published by 
the Steel Structures Painting Council, 
4400 Fifth Ave., Pittsburgh 13, Pa. 
The contained in 
these volumes are valuable to anyone 
concerned with paint and its applica- 
tion and should serve as a basis for a 
general upgrading of inspection and 
painting throughout the 
country. 


recommendations 


procedures 


Quality Control Measurements 


As a further aid to the field inspee- 
tor, three types of devices are available 
for quality control of protective coat- 
These are: (a) the 


ings in the field. 


PAINT THICKNESS GAGES 
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dry-film gage for measuring the thick- 
ness of coatings applied over a mag- 
netie surface such as steel, (b) the wet- 
film gage for measuring the thickness 
of each coat of material as it is applied 
over any surface, and (c) the electro- 
lytic quality meter which utilizes the 
change in electrical resistance of a coat- 
ing to detect poorly coated areas. 

The ultimate corrosion protection of 
any protective coating is directly re- 
lated to the permeability of the specific 
paint and the thickness of the dried 
film. The thickness of a paint coating 
is measured in mils. A mil is Yooo 
in. For comparison, 44 in. is equal 
to approximately 15.5 mils and '%o in. 
equals 31 mils. While the paint in- 
dustry has long recognized the im- 
portance of the final thickness of the 
protective coating, it has been the al- 
most universal practice to specify only 
the number of coats to be applied and 
the coverage rate in sq ft/gal. Because 
of the tendency of painters to overthin 
paint and to exceed the spreading rate, 
most paint systems specified on this 
basis do not achieve the required thick- 
ness and, thus, do not provide the 
protection desired. To combat this, it 
is now recommended that paint sys- 
tem specifications state the minimum 
number of coats and also the required 
finished dry-film thickness, regardless 
of the number of coats required to 
achieve it. 


Dry-Film Thickness 


The measurement of the dry-film 
thickness of coatings is probably the 
most valuable field measurement that 
can be made, and the dry-film thickness 
gage most widely used is a magnetic 
type operated electrically or by a per- 
manent magnet. These gages measure 
the thickness of nonmagnetic coatings 
which have been applied over surfaces 
of iron or steel. Probably the most 


widely used gage is the Elecometer 
available from Gardner Laboratory, 
Ine., Bethesda, Md. This particular 


unit requires no batteries, as it op- 


4 
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erates with a permanent magnet. It 


retails for approximately $75. Other 
Klectrie 


thickness 


gages include a) General 
‘ompany 's 


Ts pe 


gage, 


which operates on 110-v a-c; (b) the 
General Electric permanent-magnet 
thickness gage: and the Gardner 


penetrating-needle thickness gage. This 
last differs the others in 
that it must penetrate the surface of 
the paint to the thickness 
while the other gages do not harm the 
surface in any way. 

All of these 


accordance 


gage from 


measure 


instruments, if used in 
the 


directions, will give reasonably accu- 


with manufacturer’s 


rate and reproducible results. Omis- 
sion of coats, excessive use of thinner, 
visible in the 
finished job can be detected through 
the reduced film thickness the gage will 
reveal, 


and other short cuts not 


Wet-Film 
Wet-film 


signed to 


7 h ich ness 
de- 


thickness of a 


thickness 
the 
Since the dry-film 
thickness gages can be used only on a 


Paves are 
measure 


wet film of paint. 


magnetic surface, it is necessary to use 
a penetrating-needle type micrometer 
depth gage on nonmagnetie surfaces or 
control the application of the paint by 
means of wet-paint thickness gages. 
Suitable instruments for measuring 
the Inter- 
Gardner Lab- 
oratory, Inec., Bethesda, Md., which re- 
tails for approximately and (b) 
the Mardudin Gage, as manufactured 
by the K-D Company of Palo Alto, 
Calif. is simply rolled 
over the surface of the wet paint and 
the thickness of the newly applied wet 
film is read directly in 


ond gage 


wet-film thickness are a 
chemical Gauge sold by 


Sh»): 


The first gage 


mils. The 
is held perpendicular to the 
until the gage the ma- 
terial. then withdrawn 
and the deepest tooth having paint on 
it is noted and the wet-film thickness 
The 
spreading rate of any paint can be 


rests on base 


The gage is 


is read directly, again in mils. 
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easily converted to the theoretical wet- 
film thickness by dividing the spread- 
ing rate into 1,600. For instanee, a 
spreading rate of 400 sq ft/gal would 
equal a theoretical wet-film thickness 
of 4 mils. 


valid if 


This equation is reasonably 
the 
quite smooth and 


coated is 
ap- 
preciable evaporation of solvent takes 
place in the wet film before thickness 
measurements are made, and the actual 


surface being 


NO 


paint application method involves no 
In prae- 
tice, however, actual wet-film thickness 
for any given spreading rate can be 
expected to be considerably less than 
the theoretical, 
as 50 per cent. 


appreciable loss of material. 


sometimes by as much 
Nevertheless, the wet- 
with 
diseretion, can be very helpful in that 
its very 


film thickness when used 


gage, 


appearance makes workmen 


more careful. Its use also has the ad- 
vantage of catching errors before cor- 
rection is too difficult to make; thus it 
helps to eliminate extra coats. 


Continuity and Electrical Resistance 


It is generally agreed that there is a 
definite relationship between the con- 
duetivity of a coating and its durabil- 
ity. Normally, 
rials of similar type, the coating hav- 


when comparing mate- 


ing the higher conductivity likely will 
be the least durable. 

In some environments, such as a 
mild rural atmosphere, there is little 
for slight defects 


in the moisture resistance of coatings ; 


need eoneern over 


but for chemical plants, refineries, 
marine structures, bridges, or in en- 
vironments where the exposure is 


high level of coating 


tinuity is necessary if the maximum 


severe, a econ- 
protective value is to be realized. 

In the and 
asphalt-type coatings were frequently 


past, coal-tar enamel 
required to be free of ‘‘holidays’’ or 
thin spots when ehecked with a high- 
This instrument 
effective and consists of a wire 


voltage spark tester. 
is very 


brush operating on a voltage of be- 
tween 8.000 and 10.000. 


The brush is 


| 
| 
| 
4 | 
| 
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| 
4 


Vol. 32, No. 7 


drawn over the coated surfaces with 
the bristles in direct contact with the 
coating. A pinhole or thin spot in the 
coating manifests -itself by a spark 
which can be seen and heard. 

With the development of heavy-duty 
coatings of only a few mils thick, how- 
ever, the use of high voltages becomes 
a questionable practice. In many in- 
stances, as the thickness of the coating 
decreases, it becomes increasingly vul- 
nerable to puncture by the high-voltage 
spark. This shortcoming has led to 
the development of low-voltage systems 
utilizing voltages of 500 or less. The 
theory is that defects in coatings allow 
moisture to penetrate and this increases 
the conductivity of the coating. This 
inereased conductivity then is meas- 
ured or otherwise detected. 

Low-voltage detectors generally con- 
sist of a galvanometer or an ammeter or 
some other eurrent-detecting instru- 
ment connected to a source of power. 
The surface to be tested is contacted 
with a sponge saturated with an elec- 
trolyte, usually water. The instrument 
then responds instantly to changes in 
coating resistance by an audible change 
in frequency or by indication on a 
meter. These low-voltage testing de- 
vices can be divided into low-sensi- 
tivity and high-sensitivity instruments. 
As a practical matter, the low-sensi- 
tivity devices are adequate for gen- 
eral atmospheric exposures where se- 
vere marine or chemical corrosion is 
not a problem. The high-sensitivity 
instruments should be used on surfaces 


which will be immersed where exposure 


Is severe. 


Recently the No. 5, 20-in. horizontal 


centrifugal raw sewage pump at the 
Little Miami Sewage Treatment Plant 


IMPELLER REPAIRS BY WELDING 


By Leo Krapp 


Superintendent of Sewage Disposal Maintenance, Cincinnati, Ohio 
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A suitable low-voltage instrument 
commonly used is the K-D Bird-Dog 
paint-flaw detector. It retails for ap- 
proximately $90, including the case 
and accessories, and is manufactured 
by the K-D Company, Palo Alto, Calif. 
A second meter is also made by the 
K-D Company and is known as the 
Paint-R Meter. 


Conclusions 


Wet- and dry-film thickness gages 
and instruments for measuring coating 
conductivity and continuity are valu- 
able additional tools with which the in- 
spector can check and control the ap- 
plication of paint in the field. These 
instruments do not eliminate the need 
for proper surface preparation or paint 
handling, but they do give a physical 
indication of coating protection. Be- 
fore such instruments can be effectively 
utilized in the field, however, the speci- 
fications under which the paint system 
is being applied must state the mini- 
mum acceptable dry thickness for the 
completed coating. They should spec- 
ify also the minimum number of coats 
for each paint used in the paint sys- 
tem. It should be made particularly 
clear that the thickness and continuity 
requirements govern the work, and that 
as many additional paint coatings shall 
be applied as are required to meet 
either the thickness requirements or the 
continuity requirements. With these 
general requirements in the specifica- 
tions and with competent on-the-job 
inspection and field control, the quality 
of coating systems applied in the field 
should improve. 


developed an unusual noise. This 
noise caused the pump to be shut down 
and opened for inspection. <A large 


5 
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FIGURE 1.—Oak timber which broke 
impellers of two 20-in. pumps. 


section of the cast iron impeller was 
found to be missing, but the cause of 
this damage was not determined im- 
mediately. Within a short time a simi- 
lar noise was heard in the No. 4 raw 
sewage pump. This time inspection 
revealed that both flutes had been 
broken from the impeller, the pieces of 


which were still in the pump casing 
along with a 2- by 6- by 14-in. piece 


of oak timber (Figure 1). Apparently, 
the timber was the one that broke the 
No. 5 pump impeller and on shutting 
down had washed back into the wet 
well where it remained until it was 
drawn in by the No. 4 pump. 


Procedure 


After considering the possibility of 
having the pumps repaired by (a) an 
outside contractor, by (b) the purchase 
of new impellers, and by (¢) welding, 
the latter was attempted. 

On the No. 5 pump impeller the 
piece missing was about 4 in. wide and 
12 in. long. This broken area was 
prepared in the usual manner of re- 
moving the oxides and beveling. An 
area approximately 10 in. from the 
break was preheated to 400°F to re- 
move the chill from the casting as well 
as to relieve the built up stresses. 
The first bead was then inlaid with 


FIGURE 2.—Refitted impeller. 


hing. 
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Eutectic Euteectrode No. 27 at approxi- 
mately 135 amp. This 3/32-in., tan 
tip, nickel-free electrode has an ulti- 
mate strength of 60,000 psi. 

The slag was then chipped off and 
the weld wire brushed. The weld was 
then peened with a ball peen hammer 
to relieve any stresses in the casting 
around the welded area. Welding 
from this point utilized a Eutectic 
Xyron 2-25, light blue tip, 4%4-in. rod 
at 140 amp with reversed polarity. 
After each bead, the slag was chipped 
off and the weld brushed and 
peened. 

The damaged section of the impeller 
was completely filled, in the manner 
deseribed, following the contour of the 
casting. After completing the buildup, 
the area was ground to conform to the 
rest of the easting. 


wire 


The 


impeller from 


No. 4, 


pump 


IMPELLER 


FIGURE 3.—Rewelded impeller. 


REPAIR 


789 


which had two sections broken 


out, 
was repaired in the same manner ex- 
cept that the pieces from the broken 
area were refitted and rewelded (Fig- 
ures 2 and 3). 


Vibration Check 


Both impellers were reinstalled and 
then checked with a vibration analyzer 
while under load to see if the repairs 
had caused any unbalance. Tests indi- 
cated that the pumps were not affected 
by this repair. 


Cost 


The cost for making the repairs by 
this method was $225. This included 
the removal, repair, and resetting of 
both pumps. To date the pumps have 
operated in a_ perfectly satisfactory 
manner. 


How’s Your Frequency? 


Everybody knows that most of the 
electric current supplied to cities in 
the U. 8. has a frequency of 60 cycles 
per second. Sometimes the frequency 
varies though, and when it is more 
than 60, electric clocks gain time ; when 
it is less than 60, clocks lose time. 

At Cineinnati’s Mill Creek Sewage 
Works, power is generated by gas-fired 
Diesel engines. To maintain the fre- 
quency at 60 cycles per second, this 
method is used : 


A short-wave receiver is used to re- 
ceive the correct time as broadcast by 
the National Bureau of Standards. 
The broadeast is monitored once a 
week, and after determining the cor- 
rect time, a master pendulum elock is 
set. Next, the plant clocks are checked 
to determine the time difference. If 
the time difference is too great, adjust- 
ment of the engines must be made. So 
far, the difference has never exceeded 
10 seconds. 


Effect of Standing on Filtration 
Yields 


At Cincinnati’s Little Miami plant, 
Research Chemist Roy K. Snyder is 
usually determining the facts 
about a lot of things we speculate on. 

One little study deals with the effect 
of time of standing on the filter yield 
of elutriated sludge treated with ferric 
chloride. The results are listed in 


Table I. 


busy 


A leaf filter and 26 in. of 
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TIPS AND QUIPS 


TABLE I.—Sludge Filtration Yields of Various Sludges at Various Standing Times 


1960 


July 


mereury 
yields. 


used to determine the 
It can be seen that standing 
without agitation seems to be an un- 
important factor in filtration yields. 


were 


Borough’s Bore Holes Boring Board 
Pennsylvania’s Sanitary Water Board 
has had enough of the Borough of 
Kingston’s bore holes. The Board has 
asked that an injunction be issued to 
restrain Kingston and the contractor 
from drilling bore holes in abandoned 
coal mines for the disposal of sewage. 


Accidents in Indiana 


The newsletter of the Indiana Sew- 
age and Industrial Wastes Association 
reports on the results of safety ques- 
tionnaires returned by 33 sewage treat- 
ment plants. 

The report covered 328 workers who 
worked an estimated 544,000 hours. A 
total of 8 accidents was recorded with 
a loss of 432 man-days or 3,456 man- 
hours. 

This rate of 14.6 accidents per mil- 
lion hours worked is much less than the 
national average of 39.7 for sanitation 
employees. Construction work, which 
is regarded as dangerous, has an aver- 
age of 19.1 accidents per million hours 
worked. 


MJ+SM=TM 
If you’re wondering what this means, 
wonder no further. It’s the Metro- 
politan St. Louis Sewer District’s way 


Lebanon Sludge Loveland Sludge | Digester 2 Sludge Digester 3 Sludge 
Time | 
(min) | | | 
} Solids Yield | Solids | Yield } Solids Yield | Solids Yield 
| %) | (psf/hr) | (psf/hr) | %) (psf/hr) | / psf/hr 
0 | 275 268 | 21.1 | O82 | 31.4 1.57 39.3 2.05 
20 32.6 1.86 22.3 0.90 36.9 2 2.21 
40 23.2 | 0.95 35.9 1.79 38.6 2.40 
60 36.6 1.12 25.0 | 0.86 38.8 1.36 39.6 2.02 
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of saying that when you add their 
Manhole Jumper to Sewer Maintenance 
you come out with complete Traffie 
Maintenance. 


The manhole jumper (see pictures) 
was designed by MSD’s East Mainte- 
nance Division to protect new con- 
erete which is placed after manholes 
are raised to new levels on repaved 
streets. Use is limited to major thor- 
oughfares. 


Manhole jumper being lowered into place. 


Constructed of 15-in. steel plate, the 
jumpers are 60 in. in diam and weigh 
580 lb, including the 196-lb manhole 
cover. Four 114-in. lifting holes are 


Jumper in place. 
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drilled 90 deg apart. A 1-in. bolt is 
used to connect the steel plate to the 
manhole cover. The plate costs $70, 
and the cover, $19. 

Rattling is prevented by using a 
small amount of hot asphalt to secure it 
to the street surface. The jumper is 
normally in place for a day or two be- 
fore removal. 

Incidentally, that East Maintenance 
Division, like the Salvation Army cor- 
netist, is always there when needed. 
Plagued by an outbreak of inlet-cover 
thefts, East Maintenance came up with 
a conerete cover (see picture) that is 
perfectly adequate for pedestrian traf- 
fic. The stolen cast iron covers cost $12 
apiece against $3.55 for the homemade 
kind, 


Concrete inlet cover. 


Cooling Towers 


of Dow 


The general conclusion 
Chemical Company’s 15-yr cooling 
tower study at Freeport, Tex., is ‘‘that 
non-oxidizing chemicals such as sodium 
pentachlorophenate or commercial for- 
mulations containing blended chloro- 
phenates as the main ingredients are 
superior to all other methods tried in 
the past, including chlorine.”’ 


Ss 
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Editorial 


PHILADELPHIA IN OCTOBER 


For the 1960 meeting of your Fed- 
eration, the dates are October 2-6 and 
the place is Philadelphia. 

Soon after the Federation’s meeting 
in 1958, the Committees of the 
the Pennsylvania 
Sewage and Industrial Wastes Associa- 
tion, started preparing for this event. 
Under the chairmanship of Mr. Samuel 
S. Baxter, Water Commissioner of the 
City of Philadelphia, these prepara- 
tions have developed into planning for 
what new high in 
Federation meeting quality. 

The program will have 13 technical 
with 50 papers, giving tech- 
nical coverage more extended and more 


local 
Association, 


promises to be a 


sessions 


diversified than at any previous meet- 
ing. Manufacturers’ exhibits will be 
arranged without restriction as to num- 
ber because of the large area available 
in the Trade and Convention Center of 
Philadelphia. All technical 
and exhibits will be in this Center. 
Inspection trips will be offered to 
cater to those 


SeSSLONS 


treat- 
ment in large and small municipal and 
industrial The social 
program has been planned to take ad- 
vantage of Philadelphia’s ability to call 
on the finest offered. 

In all, the role of the Local Arrange- 
ments Committee 


with interests in 


waste plants. 


will be a full demon- 
stration of what is meant by ‘‘ Broth- 
erly Love,’ for our 1960 host 
famous. In facet, Con- 
vention attendants should not 


which 
city is justly 
be sur- 
prised to see some committee members 
attired in clothing styled 
Franklin's era! 

Wednesday, 


designated as 


from Ben 


October 5, has been 
‘‘Industry Day,’’ be- 
cause special attractions have been pro- 
vided in the 
those with an 


technical program for 


interest in industrial 


wastes. The technical program, ar- 
ranged by the Federation Publications 
and Program Committee, under the 
chairmanship of Dr. George E. Sy- 
mons, has had the cooperation of the 
Water Pollution Abatement Committee 
of the Chemists <As- 
sociation as well as the Federation In- 
dustrial Wastes Committee, of which 
Past-President Kenneth S. Watson is 
Chairman. As a result, the Philadel- 
phia program will show exceptional 
strength in the technical 
those with industrial The 
Industry Luncheon on this day will 
feature an industrial executive familiar 
with the problem. While Wednesday 
has been designated ‘‘Industry Day,’’ 
the entire program will contain attrac- 
tive items for industrial 


Manufacturing 


sessions for 


interests. 


representa- 
tives. 

For 1960 ‘Federation Week,’’ you 
expect the 
Board of Control on 
October 6 to 


sessions at 
October 2 
bracket a 
glowing in all aspects. 


may business 
your 
and meeting 
Come hear the 
technical papers and discussions. Come 
see the manufacturers’ exhibits for the 
latest in equipment and 
Come and enjoy the sparkling social 
program with its myriad of side lights 
culminating in the awards dinner and 
dance October 5. 


processing. 


Above all, come see 


your fellow Federation members and 


a program supported not only by 
brotherly love but by the financial sup- 
port of your host association as well as 
your 1960 host city. 

It is time now to reserve these dates, 
to reserve your lodging space in Phila- 
delphia, and to reserve your transporta- 
tion accommodations to Philadelphia 
October 2-6, 1960. 
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ANNUAL MEMBERSHIP CONTEST RULES 


One of the most important constitu- 
tional objectives of the Federation is 
‘the correlation and strengthening of 
regional and state sewage and indus- 
trial wastes associations or confer- 
ences.’’ In partial fulfillment of this 
aim, the Board of Control has author- 
ized an annual membership contest, 
rules for which follow: 


1. All Member Associations of the 
Federation in good standing for the 
full year of each contest shall be 
eligible to compete. Formal applica- 
tion for entry is not required. 

2. The term of the contest shall be 
the year ending September 30. All 
membership lists must be accompanied 
by check covering dues, and must be 
received at Federation headquarters 
before 5 pm on the closing day of the 
contest. 

3. Two prizes will be awarded, as 
follows : 

a. One $100 cash award to the 
Member Association recording 
the greatest percentage i- 
crease in membership during 
the period of the contest. 

. One $100 cash award to the 
Member Association recording 
the greatest numerical increase 
during the period of the con- 
test. 

4. At the termination of the contest 
on each September 30, the Executive 
Seeretary of the Federation shall de- 
termine from his records the Member 


Associations having recorded the great- 
est numerical and percentage increases, 
and shall report his findings to the 
Board of Control at its next annual 
meeting. The Board of Control shall 
confirm the designation of the winning 
associations. 


5. In the determination of member- 
ship, only those Active and Corporate 
Members receiving the publications of 
the Federation through the Member 
Association shall be credited to that 
Member Association, i.e., dual members 
will be credited only to the association 
through which they receive the Jour- 
nal, 


6. In the event that one Member As- 
sociation shall record both the greatest 
percentage and the greatest numerical 
increase during the period of the con- 
test, such association shall be eligible 
to receive only one of the prizes. The 
association recording the second great- 
est numerical increase during the con- 
test shall be judged the winner of the 
other prize, in this case. 

7. A winner of the percentage in- 
crease contest shall not be eligible to 
compete in this same contest within 
the next 5-yr period, unless its mem- 
bership shall have reached a minimum 
of 25 Active and Corporate Members in 
the meantime. 

8. In the event of a tie for either of 
the prizes, the total amount of the 
award shall be divided equally among 
the winning associations. 


BOOKS, REPORTS, 
PAMPHLETS 


Private Practice of Civil Engineering for 
the Use of Engineers and Clients. 
Professional Practice Committee of the 
American Society of Civil Engineers, 
New York. Manual 38. Price $1.00 
(1959). 

A replacement of ASCE’s Manual 29 
assembling more current information on the 
relationships between the engineer and cli- 
ents. Heavy emphasis is placed on fees 
and charges. 


Analysis of Pipe Structures for Flexi- 
bility. By Joun Gascoyne. John 
Wiley & Sons, Ine., New York. 181 pp. 
Price $7.50 (May 1959). 

Recognizing the constantly changing 
needs in structural requirements for proc- 
ess piping, this British author covers in 
detail the various important aspects of the 
analysis of pipe structures for stress and 
flexibility. Subjects covered include: codes 
and standards, methods of stress caleula- 
tion, preliminary data and basie assump- 
tions, an elastic-center method of stress eal- 
culation, translation of results, pipe sup- 
ports, and complete worked examples. 


Air Pollution Control. By W. L. Farrs. 
John Wiley & Sons, New York. 259 pp. 
Price $8.50 (1959). 

This book gives basic facts that must be 
considered in any air pollution control pro- 
gram, voluntary or mandatory. The pres- 
entation is aimed at a broad audience rather 
than to the air pollution specialist. The 
book includes an explanation of the effects 
of air pollution and the importance of 
meteorological variables, a discussion of the 


Reviews and Abstracts’ 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., 
which might be suitable for abstracting in TH1s JouRNAL. 


nature and source of the more common air 
pollutants, methods of determining the 
amounts of various contaminants in the air, 
the most appropriate means of controlling 
emissions at the source, legal means avail- 
able for control, and the newer aspects of 
air pollution, particularly the automobile 
exhaust problem and the hazard of radio- 
activity. 


Register of Dams in the United States. 
By T. W. Mermen. McGraw-Hill, New 
York. 444 pp., 81% x11, 314 illustra- 
tions. Price $12.50 (1958). 

This reference manual provides the es- 
sential statistics on over 2,800 important 
dams in the United States. For each dam, 
it gives the name, its location, structural 
data, ownership, by whom the engineering 
was performed, and who were the construe- 
tion contractors. 

The dams are alphabetically listed by 
name, and a reference of reservoir 
names (which may be different from the 
names of the dams) is provided. Pictures 
of over 300 dams are included. 

In addition, the book presents a sum- 
mary of laws of all 48 states dealing with 
the supervision and control of dams. Engi- 
neers or owners considering dam construc- 
tion in any state will find concise informa- 
tion on what type of control is exercised 
by the state, as well as the name and ad- 
dress of the appropriate official and agency 
which exercises such control. 


cross 


Water Pollution Research 1958. Depart- 
ment of Scientific and Industrial Re- 
search, London, England. 113 pp. 
Price 7/ (1959). 

The report of the Water Pollution Re- 
search Board for 1958 with the Report of 
the Director of the Water Pollution Re- 
search Laboratory. 


Publications of public health de 


partments, stream pollution control agencies, research organizations, and educational institu- 


tions are particularly desired. 
4435 Wisconsin Ave., Washington 16, D. C. 


Address such material: 
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Varec’s economical gauge board indicator 
accurately gauges the movement of floating 
cover digesters with a simple working mech- 


anism...displays readings on a 12-foot, 
easy-to-read anodized aluminum gauge 
board installed directly outside the digester. 


The calibrated gauge board shows measure- 
ments in feet and inches...has a 10-foot 
range with an extra 2 feet of pointer meas- 
urement for greater cover or overflow travel. 
It provides ‘quick-at-a-glance’ reading with 
a bright red pointer that contrasts sharply 
against the white aluminum board and large, 


black numerals. All parts are ruggedly con- 
structed and the working mechanism is 
enclosed in a protective housing. 


VAREC OFFERS POSITION INDICATORS 
FOR ALL DIGESTER COVER NEEDS... 


Other Varec cover position indicators 
include a dial type indicator that registers 
indication within a 10-foot range on a large, 
easily read dial and can be equipped with 
alarm switches. And, for remote control 
reading, Varec provides a highly-accurate 
gauge head indicator that delivers gauging 
accuracy to 2 inch... adapts for use with 
electrical or pneumatic remote reading or 


control equipment. 


For complete information on all Varec digester 
cover position indicators, write for Varec Cata- 
log No. S-4, Dept. JWP-1221-1 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 North Alameda Street » Compton, California 
Branches and Representatives in Principal Cities 
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A SIMPLE, ACCURATE METHOD FOR 
INDICATING DIGESTER COVER POSITION 
ee cover connection to counter. 
| ANS Red Pointer 


JOURNAL WPCF 


SYMBOLIC LOGIC 


| AEIOU ¥ (AWW = 2)} 


Take the phrase 
“AMERICAN WELL WORKS OR EQUAL—"'| 


Let stand for American Well Works 


Let stand for all things equal to 


Let the entire set of ‘‘vocal vowels”’ 


stand for what's not equal to 
Now,| AWW] has the following attributes: 


@ Experience rating of 92 years. 


@ its sole business is engineering, design and manufacturing 
of equipment for sewage treatment, water purification, 
mixing and pumping. It has no outside activities. 


@ It owns extensive plant, equipment and manufacturing facilities 
all on one site to assure complete quality control. 


@ All of its products are unconditionally guaranteed as to 
function and performance. 


@ Its products are reasonably priced to enable owners and 
engineers to stay within estimates. 


@ it offers latest proved methods and designs. 

@ it has the highest available mercantile credit rating. 

@ it has the largest list of satisfied users in the United States, 
THE PROBLEM: 


Ignoring the entire set of ‘vocal vowels”’ 
(which are admittedly not equal to AWW ) 
solve for [ ](what's equal to AWW) 


HINT FROM ENGINEERING DEPARTMENT: 
Even if [ Z_]could easily be determined, 
Take for assured advantages 


AMERICAN WELL WORKS aurora, ILLINOIS 
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Typical Ohmart system for controlling 
specific gravity or density by actuation 
of a valve. 


Atomic Operation: 


cannot affect the materials measured. 


ohmart 
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gQuarantees continuous, 
accurate, automatic 
density control! 


Like a “sentinel” that never tires or sleeps, Ohmart Density 
Gages guard product quality, improve system efficiency, mul- 
tiply your profits. Ohmart offers the most complete, standard 
line of nuclear gaging equipment for controlling the density 
variable in liquids or slurries, level measurement, and inter- 
face detection. 


Ohmart Profit-Making Advantages: 


Each Ohmart installation carries a perform- 
ance guarantee. 


Maintains single optimum point of density, 
automatically, by direct measurement. 


Quickly pays for itself through increased pro- 
duction and higher net profits; reduced vari- 
able and capital costs. 


Saves manpower, eliminates human error, 
cuts operating costs. 


System is ruggedly constructed, has no mov- 
ing parts. Gages are not in contact with the 
media. There is nothing to clog, wear out, or 
corrode. 


Measures density to repeatabilities of 0.0005 
specific gravity units or within 2% of selected 
range. 


Ohmart system employs a gamma radiation source with the patented Ohmart Cell as the 
detector which converts gamma radiation directly into electrical energy. Materials placed 
between the source and the cell absorb the energy in proportion to the density. As a 
result, cell output current is a measurement of the density. The output current is ampli- 
fied and fed to any standard potentiometric recorder/controller. Departures from the 
optimum control point actuate controls necessary to bring the system back to optimum 
density. The gamma source is properly shielded for complete safety. Low radiation level 


For full details, write for Bulletin 105-C. 


The Ohmart Corporation 


2234 Bogen St., Cincinnati 22, Ohio 


Engineering representatives in principal areas 
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CHAIN 
for Handling Wastes 


No. 720-S CHAIN 


Designed especially for straight- 
line sludge and grit collectors, 
where long economical service is No. 11 -N CHAIN 
important. Pin and cotter con- 
struction. Pins have ‘’T’’ heads 
securely fitted between lugs cast 
on side bars. This design prevents 
the pins from turning in the side 
bars, thereby distributing the 
wear over a large area in the 
barrels of the links. Available in 
malleable iron or Duramal which 
is approximately 20% stronger 
than malleable iron. 


Designed for handling abrasive ma- 
terials such as encountered in grit 
collectors. The barrels of the links are 
eliptical in shape to provide more 
material at point of greatest wear. 
This feature, together with the close- 
fitting joints, steel coupler links, and 
stationary steel pins provide maxi- 
mum performance, sustained accu- 
racy of pitch, and exceptionally long 
life. 


All chain furnished by WEBSTER is 
designed, cast, machined and as- 
sembled in our Tiffin, Ohio plant. 


Zh MANUFACTURING, INC. 


DEPT. SW-70, TIFFIN, OHIO 
BULK MATERIALS HANDLING EQUIPMENT 


Offices in all Principal Cities 
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FASTER 


You get quick de- 
livery of all sizes 
from 
located Robinson 
branches. 


FOR MORE 


on Robinson Fac- 
tory-Jointed Clay 
Pipe, 
Robinson Branch 
Office nearest you. 


FAST, FOOLPROOF 
INSTALLATION 


PLACE RUBBER 
“0” RING IN SPIGOT 
GROOVE 


LINE UP, 

SHOVE INTO PLACE 
THAT’S ALL THERE IS 
TO IT! 


AKRON 9, OHIO 
65 W. State St. 
SERVICE 


1357 Broadway 


strategically 


22 Pratt St., 
Allston Station 


BUFFALO 10, N. Y. 
1146 Seneca St. 


CALDWELL TOWNSHIP, N. J. 


DETAILS 


Kulick Road 


Call the Edgebrook Sta. 
170 Tolland St. 


R-660 139 


ALBANY 4, N. Y. 


BALTIMORE 2, MD. 
1546 Mathieson Bidg. 


BOSTON 34, MASS. 


(off Fairfield Road) 


CHICAGO 46, ILL. 
7100 N. Lehigh Ave. 


EAST HARTFORD 8, CONN 
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TODAY’S 
FAST, TIGHT, TOUGH 
FACTORY-MADE JOINT 


Wedge-Lock’* Type ‘‘O”’ 
BY ROBINSON 
Now Available In Diameters Through 36” 


Now, lines go in faster, seal tighter, stay 
trouble-free longer. Robinson Type “O” joints 
reduce laying time... cut installation costs 

. are ideally suited to difficult installation 
conditions. New precision-tight Factory-Made 
Wedge-Lock Type “O” joints handle infiltra- 
tion and roots in any terrain. 


THE 


ROBINSON 


CLAY PRODUCT CO. 
ESTABLISHED 1856 
AKRON 9, OHIO 


INDIANAPOLIS 7, IND. 
POrtage 2-8601 1013-15 E. 21st St. 


NEW YORK, N. Y. 
107-10 180th St., P. 0. 
Jamaica, L. |., N. Y. 


PA. 
0. Box 85, 


Pottstown, Pa. 


ROCHESTER 11, N. Y. 
609 Buffalo Road 
SYRACUSE 3, N. Y 
534 Spencer St. HArrison 2-9226 
TORONTO, ONTARIO, CANADA 

Baldwin Ave., Concord d, 

Ontario, Canada AVenue 5-1138 


YONKERS, County, N. Y. 


1013 Saw 
River Road YOnkers 8-7762 


*Patented. T.M. 
Reg. U.S. Pat. Off. 


WAlnut 3.1507 
HObart 3-4139 Box 589 

REpublic 9-7100 
Mulberry 5-2930 
FAculty 6-1310 
STadium 2-8900 


TRiangle 3082 


CApital 6-8800 


" NEw Castle 1-5700 
Butler 9-4389 
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WHICH GRIT 
COLLECTO 


will protect your system best? 


LINK-BELT builds 7 types, 
can recommend the most 
efficient for your needs 


Modern sewage treatment requires grit removal to 
reduce maintenance costs on mechanical equipment 
and eliminate operational difficulties. Link-Belt has 
been manufacturing the finest in grit collection equip- 
ment for over 25 years—offers types and designs for 
any local conditions or requirements. —=— 
For full details, contact your nearest S30 

Link-Belt office. Or write for your copy 
of Grit Collecting and Grit Washing > 


Book 2571. 


TYPE AB AERATED GRIT COLLECTORS are ideal for 
large installations, or at plants where it is desirable 
to combine pre-aeration and grit removal in the 
same tank. They consist of a Type B grit collector 
and porous tubes for admitting compressed air 


TYPE SW GRIT WASHER is a Separate screw that 
washes and dewaters grit conveyed to it by pump 
ejector, air lift or mechanical means. It can be 
counted on for long, dependable service in separat- 
ing grit, water and putrescible matter 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago | 
San Francisco 24. Sales Offices in All Principal Cities 


STRAIGHTLINE GRIT COLLECTORS provide an easy method of collecting 
settled grit and inert solids without draining the grit chamber. These 
solids are dewatered and removed from the chamber by flight con- 
veyors, screw conveyors, or buckets attached directly to the collectors. 
Shown is a Link-Belt Type B double-strand installation. 


Sanitary Engineering Regional Offices—Colmar, Pa., Chicago 9, Kansas City 8, Mo., 
Export Office, New York 7. Representatives Throughout the World. 15,008 


| 

SANITARY ENGINEERING EQUIPMENT 
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How to Protect 
Concrete Sewers from 
Chemical Wastes 


Chemical wastes have no 
effect on concrete sewers when 
inverts are lined with 
T-Lock Amer-Plate® 


(lining exaggerated in 
proportion for clarity) 


T-Lock Amer-Plate is a high polymer PVC sheet, easily cast 
into pipes, tunnels and structures to form a partial or com- 
plete 360° protective lining. Used in inverts, it permanently 
protects concrete from corrosive chemical effluents. In arch 
areas, it positively stops oxidized H.S corrosion. T-Lock is 
also highly abrasion resistant; impartial tests show that it 
abrades at only 1/70th the rate of concrete. 


The fact that T-Lock ends erosion and corrosion problems 
in industrial and municipal sewer systems is attested to by 
more than five million square feet now in use. Write for 
complete data on this maintenance-saving lining before 
designing your next sewer. 


Applicators strategically located throughout U.S. and Canada 


CORPORATION 
Dept. SG @ 4809 Firestone Boulevard @ South Gate, California 


921 Pitner Ave. 360 Carnegie Ave. 2404 DennisSt. 6530Supply Row 111 Colgate 
Evanston, Ill. Kenilworth,NJ. Jacksonville, Fla. Houston, Texas Buffalo, N.Y. 
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KEY 
to 
37,000 JOURNAL Pages 
in 
Two Short Volumes 


TWENTY-YEAR INDEX to Sewage Works Journal, 1928- 
1948, Volumes 1-20, provides complete indexing for these 
important 20 years, with 144 pages in handsome buckram 
binding, $3.00. 


TEN-YEAR INDEX to Sewage and Industrial Wastes, 
1949-1958, Volumes 21-30, covers 10-year period of the 
successor to original Journal; 168 pages; in buckram bind- 
ing to match 20-Year Index, $4.00; in heavy paper, $3.00. 


Both indexes contain separate listings by author, sub- 
ject, and geographical categories, along with full cross- 
referencing. These features make them complete and 
easily used references. 


Send orders to the Federation office; convenient coupon provided 
on WPCF Publications page elsewhere in JOURNAL. 


WATER POLLUTION CONTROL FEDERATION 
4435 Wisconsin Avenue Washington 16, D.C. 
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Twenty-foot lengths of Armco SMOOTH-FLO Pipe helped maintain uni- 
form grade. 


How Garden City, Kansas, 
installed a sewer 


in SOUpy soil Water in the didn't 


installation of Armco Pipe. 


Garden City, Kansas, recently installed a 1-mile interceptor sewer to feed their 
new treatment plant. Part of this line passed through extremely wet soil. 

The contractor installed some 5,800 feet of Armco SMootTH-FLO® Sewer 
Pipe in 20-foot lengths, with positive beam strength to maintain a continuous 
uniform grade in this unstable soil. SMooTH-FLo’s dense interior lining pro- 
vided the necessary high flow capacity. An alternate material specification, for 
short-section pipe with nonpositive joints, called for expensive rigid bedding 
to maintain grade. The strong, lightweight Armco Pipe went in quickly and 
economically — with no special bedding required. 

Get complete details on Armco Corrugated Metal Pipe. Write for catalog, 
“Armco Sewer Structures.” Armco Drainage & Metal Products, Inc., 4350 
Curtis Street, Middletown, Ohio. 


ARMCO DRAINAGE & METAL PRODUCTS 


RMS Subsidiary of ARMCO STEEL CORPORATION 


OTHER SUBSIDIARIES AND Divisions: Armco Division * Sheffield Division 
The National Supply Company « The Armco International Corporation 
Union Wire Rope Corporation 
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Water 
Clean-Up 


»it’s like finding 
Jeffrey traveling water screens and grit collectors 
in a pulp mill 


Jeffrey water cleaning equipment can improve your plant 
operations and profits. Note these examples, 


Use present source more effectively: Ina 
pulp and paper mill, Jeffrey traveling screens 
reclaim 16,000 gallons of water per minute 
by removing tons of sand and bark. Produc- 
tion can be increased without having to seek 
a new water supply. 


Reduce wear on plant machinery: In a steel 
mill, Jeffrey collectors remove metallic scale 
from process water, adding considerably to 
life of bearings. Also, downtime required for 
cleaning settling tanks was cut from 10 days 
to a day and a half. 


Reclaim valuable materials: In many indus- 
tries, Jeffrey screens and collectors are salvag- 
ing materials formerly carried away in process 
and wash water. Their recovery produces 
welcome additions to profits. 


Jeffrey engineers will help analyze your 
waste problems and suggest means of recovery, 
disposal or neutralization. Bulletin 952 gives 
further information. For a copy, write Jeffrey 
Manufacturing Company, 902 North Fourth 
Street, Columbus 16, Ohio. 


Jeffrey screens on water intake at a refinery 


JEFFREY 


CONVEYING « PROCESSING MINING EQUIPMENT... TRANSMISSION MACHINERY... CONTRACT MANUFACTURING 
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Proceedings of Member Associations 
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PACIFIC NORTHWEST SEWAGE 
AND INDUSTRIAL WASTES 
ASSOCIATION 


The 26th Annual Meeting of the 
Pacific Northwest Sewage and Indus- 
trial Wastes Association was held at 
the Tioga Hotel, Coos Bay, Ore., Oct. 
29-30, 1959. Total registration for 
men was 245, second only to the Seattle 
meeting of 1957. Ladies registration 
set a new high of 67. 

Two general sessions, two operators’ 
sessions, an industrial wastes session, 
and a technical session were held. 
Subjects included: minimum design 
criteria, protective paint coatings, food 
products wastes problems, fiber board 
plant wastes, sewer infiltration, sludge 
composting, Zimmermann process, 


sewage stabilization ponds, disposal of 
radioactive wastes, various operators’ 


problems, and several papers dealing 
with both liquid and atmospheric waste 
problems in the pulp and paper and 
metals industries. The operators held 
a closed round-table discussion, and the 
traditional operator’s breakfast was 
held the next morning. 

Dr. W. D. Hatfield, Past-President 
of the Federation, was the luncheon 
speaker. The Hatfield Award for out- 
standing plant operation was presented 
to Kenneth Mathews of Seattle, Wash., 
and the Bedell Award for extraordi- 
nary service went to Kenneth H. Spies 
of Portland, Ore. Awards for the best 
annual reports went to C. 8. Zickefoose, 
Walla Walla, Wash. (cities over 
25,000), Ted King, Springfield, Ore. 
(cities from 5,000 to 25,000), and 
Vern Young, Franklin-Pierce High 


(Continued on page 363a) 


specialists 


* Sewer Rods 


* Sewer and Pipe Cleaning Equipment 

* Sectional Steel Rods 

' % Complete Sewer Cleaning Machines 
* Braces and Guides 

* Buckets, Root Cutters, Drag Tools 


Save the cost of experimenting. 
lem in the specialized field of pipe cleaning. 


W.H. STEWART, ING. box 767, syracse, 


Consult Stewart for any prob- 


ie: 


WATER POLLUTION CONTROL PRODUCT GUIDE 


list was derived by 


advertisers. All 
are included. Many 
this issue. For 


JOURNAL. 


Associate 


of the services and 


This list of products and services is offered as an information aid. 
solicitation from those firms listed. 
make every effort to keep this list current with the help of members and 
Members and all advertisers for the past year 
products 
an alphabetical listing see Index to 


The 


The JOURNAL will 


advertised in 
in back 


are 
Advertisers 


Aerators (also see Diffusers, Air) 
Alpha Ltd. (Switzerland) 
American Well Works 

Chicago Pump Co 

Dorr-Oliver Inc 

Eimco Corp 

Graver Water Conditioning Co 
Infilco Inc. 

Link-Belt Co 

Pacific Flush Tank Co 


Penberthy Mfg. Co., Div. of Buffalo- 
Eclipse Corp 

Permutit Co., Div. of Pfaudler Per 
mutit Inc 

Smith & Loveless 

Walker Process Equipment Inc 


Wemco Div., Western Machinery Co 
Yeomans Brothers Co 

Zimmer & Francescon 

Agitators 

Link-Belt Co 

Air Cleaning Equipment 


Westinghouse Electric Corp 

Air Compressors (also see Blow- 
ers, Compressors, and Fans) 

Chicago Pump Cx 

Fairbanks, Morse & 

Komline-Sanderson Engr. ( rp 

Worthington Corp 

Yeomans Brothers (¢ 

Air Diffusers (see Diffusers, Air) 


Asbestos Cement Pipe Products 
Filtration Equipment Corp 

Industrial Materials ¢ 
Johns-Manville Sales Corp 
Keasbey & Mattison Co 

Ash Handling Equipment 
Link-Belt 


Automobiles and Trucks 
Vulcan Materials Cx 


Bearings 
Link-Belt Co. 


Bins, Storage (see 


Biologists 
neers) 


Tanks) 


(see Directory of Engi- 


see Air C 
1 Fans) 


Blowers (also ompressors 
Compressors, anc 
Chicago Pump C 
Roots-Connersville Blower, 
Dresser Industries Inc 
Sutorbilt Corp 
Yeomans Brothers C 
Zimmer & Francesc« 
Boilers 
Combustion Engineering, 


Building Maintenance 
ment and Supplies 
Homestead Valve Mig. Co 


Div. of 


n 


Inc 


Equip- 


Cast Iron Pipe Products 
American Cast Iron Pipe Co 
Cast Iron Pipe Research Assn 


Industrial Materials Ce 
S. Pipe & Foundry Co 
D. Wood 


Cement (see Concrete) 


R 


Centrifuging Equipment 
Bird Machine Co. 


Chains 

Chain Belt Co 
Link-Belt Co 
Webster Mfg., Inc 


Chemical Feed Equipment 


Builders-Providence Div., B-I-F 
dustries 

Eimco Corp 

Fischer & Porter Co 

Graver Water Conditioning Co 

Infilco Inc 

Jeffrey Mig. Co 

Komline-Sanderson Engr. Corp 

Link-Belt Co 

Omega Div., B-I-F Industries 

Permutit Co., Div. of Pfaudler F 
mutit Inc 


Proportioneers Div., 
Wallace & Tiernan Inc. 


Chemicals 

Dow Chemical Co 

Fisher Scientific Co. 

General Chemical Div., 
ical Corp 

Glenn Chemical Co. 

Tennessee Corp 

Vulcan Materials Co. 


er- 


B-I-F Industries 


Allied Chem- 


Chemists (see Directory of Engi- 
neers) 

Chlorination Equipment 

Builders-Providence Div., B-I-F In- 
dustries 

Everson Mfg. Co. 


Fischer & Porter Co 

Graver Water Conditioning Co. 
Wallace & Tiernan Inc. 
Zimmer & Francescon 


Clarifier Equipment (also 
Sedimentation Equipment) 
Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Co. 
Chain Belt Co 
Chicago Pump Co 
Dorr-Oliver Inc 
Eimco Corp 
Graver Water Conditioning Co. 
Hardinge Co., Inc 
Ir fil co Inc 
Je firey Mig. Co 
Komline-Sanderson Engr. Corp. 
Lakeside Engineering Corp. 
Link-Belt Co 
Permutit Co., 
mutit Co 
Walker Process Equipment Inc. 
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Div. of Pfaudler 


Per- 


Yeomans Brothers Co. 
Zimmer & Francescon 


Clay Pipe Products 
Industrial Materials Co. 
National Clay Pipe Mfrs., 
Robinson Clay 
Wedge-Lock Clay 


Inc. 
Product Co. 


Pipe Mfrs., Inc. 

Coatings and Linings (Pipe and 
Tank) 

Amercoat Corp 

Centriline Corp 


Corrosion Control Co., Inc. 
Inertol Co., Inc 
Koppers Co., Inc 


National Water Main Cleaning Co. 
Perry-Austen Mig. Co 

Stebbins Engr. & Mfg. Co. 
Vulcan Materials Co 


Comminutors (also see Shredders 
and Grinders) 
Alpha Ltd. (Switzerland) 


American Well Works 

Chicago Pump Cx 

Dorr-Oliver Inc 

Gruendler Crusher & Pulverizer Co. 
Infilco Inc 

Jeffrey Mfg. Co 

Smith & Loveless 

Walker Process Equipment Inc. 
Worthington Corp 


Compressors 

Chicago Pump Co 
Fairbanks, Morse & Co. 
Komline-Sanderson Engr. 
Roots-Connersville Blower, 

Dresser Industries Inc 

Worthington Corp 
Yeomans Brothers Co 


Corp. 


Div. of 


Computers 
Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 


Concentrators (see Sludge Concen- 
trators) 


Concrete 
Portland Cement Assn. 
Vulcan Materials Co 


Concrete Pipe Products 
American Concrete Pressure 
Assn 
American-Marietta Co. 
Gray Concrete Pipe Co., 
Industrial Materials Co. 
Lock Joint Pipe Co. 
Portland Cement Assn. 
Price Bros. Co. 
Vulcan Materials Co. 


Pipe 


Inc. 


Construction Equipment 
Chain Belt Co. 

Eimco Corp 

Worthington Corp 


- 
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WPCFE publications 


Safety in Wastewater Works 


Contains information on hazards, acci- 
dent statistics, rescue methods, safe prac- 
tices, and equipment. 56 pages. $0.75 
to members; $1.50 to others. Order as 
Item MOP-1.* 


Utilization of Sewage Sludge as 
Fertilizer 


An authoritative evaluation of advan- 
tages and limitations of sludge as a soil 


conditioner. 120 pages. $0.75 to mem- 
bers; $1.50 to others. Order as Item 
MOP.2.* 


Chlorination of Sewage and In- 
dustrial Wastes 

Reviews history, development, and up-to 
date technique of chlorine application. 90 


pages. $1.00 to members; $1.25 to others. 
Order as MOP-4.* 


Air Diffusion in Sewage Works 


History and modern practice in design, 
installation, operation, and maintenance of 


diffuser systems and appurtenances 75 
pages. $1.00 to members; $1.25 to others 
Order as Item MOP-5.* 


Units of Expression for Wastes 
and Waste Treatment 


Lists of recommended units for quantities 
ordinarily encountered in wastes and waste 
treatment. 8 pages. $0.25 to members; 
$0.50 to others. Order as Item MOP-6.* 


Sewer Maintenance 


A guide for maintaining a municipal or 
industrial drainage system in serviceable 
condition. 64 pages. $1.00 to members; 
$1.50 to others. Order as Item MOP-7.* 


Sewage Treatment Plant Design 


Prepared jointly by the Federation and 


ASCE. Detailed presentation of the sub 
ject. 375 pages. $3.50 to members; $7.00 
to others. Order as Item MOP-8.* 
Design and Construction of 
Sanitary and Storm Sewers 
Prepared jointly by the Federation and : 
ASCE. Detailed presentation of the sub- 
ject. 283 pages. $3.50 to members; $7.00 
to others. Order gs Item MOP-9.* 


Twenty-Year Index to Sewage 


Works Journal 


1928. 
and geographic. 


Covers Sewage Works Journal, 
1948. Author, subject, 
144 pages. Buckram bound, $3.00. Order 


as Item Dex-20 


Ten-Year Index to Sewage and 


Industrial Wastes 


Covers Sewage and Industrial Wastes, 


1949-1958 
graphic 


Author, 
168 pages 


subject, 


Glossary—Water 
Control Engineering 


ond geo- 
Buckram, $4.00; heavy 
paper, $3.00. Order as Item Dex-10. 


and Sewage 


Prepared jointly by the Federation, ASCE, 


AWWA, and APHA. 2,600 
taining to nomenciature. 
$1.00. Order as Item Gl. 


Binder 


Multiple wire, 2-in 
MOP’s listed except 
Order as Item Bi.* 


8 and 9 


capacity, for 


terms per- 
274 pages. 


all 


$2.00. 


* Discount of 15% on orders for 12 or 


more of any one manual. 


Copies’ Cost Item 
MOP-1 MOP-6 
MOP-2 MOP-7 
MOP-4 MOP-8 
MOP-5 MOP-9 


Enclosed is remittance for $ 


| 
| 
| 
| Item 
| 
| 


If an invoi 


Member Association 
ce is necessary, postage will be added. 


Water Pollution Control Federation 
4835 Wisconsin Avenue, Washington 16, D. C. 


Copies | Cost Item (Copies; Cost 
Bi 

Dex-20 

Dex-10 


Gl 


Print Name 


Address 


Checks may be made payable to WPCF 


| 
| 
| 
| 
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Controls (also see Instruments, Re- 


cording and Control) 
Builders-Providence Div., 
dustries 
Burgess-Manning Co., 
ments Div 
Chicago Pump Co 
Fischer & Porter Co. 
Foxboro Co 
General Electric Co 
Homestead Valve & Meter Co 
Infilco Inc. 
Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 
Ohmart Corp 
Permutit Co., Div. 
mutit Co. Inc. 
Rockwell Mfg. Co 
Wallace & Tiernan Inc 
Westinghouse Electric Corp. 
Worthington Corp 


B-I-F In- 


Penn Instru 


Conveyors 

American Well Works 

Chain Belt Co 

Chicago Pump Co. 

{efirey Mig. Co. 
ink-Belt Co. 

Webster Mig., Inc. 


Corrosion Protection 

Amercoat Corp 

Chicago Pump Co 

Corrosion Control Co., Inc. 

Inertol Co., Inc 

Sales Corp. 
oppers Co., Inc 

Perry-Austen Mfg. Co 

Stebbins Engr. & Mfg. Co. 

Wallace & Tiernan Inc 


Couplings 
Link-Belt Co. 


Diffusers, Air (also see Aerators) 

Alpha Ltd. (Switzerland) 

American Well Works 

Carborundum Co 

Chicago Pump Co 

Dorr-Oliver Inc 

Eimco Corp 

Infilco Inc 

Lakeside Engineering Corp 

Link-Belt Co 

Pacific Flush Tank Co 

Penberthy Mfg. Co., Div 
Eclipse Corp 

Walker Process Equipment Inc 

Wemco Div., Western Machinery Co 

Zimmer & Francescon 


of Buffalo- 


Diffusers, Gas (also see Aerators) 
American Well Works 

Carborundum Co 

Chicago Pump Co 

Eimco Corp 

Infilco Inc. 

Walker Process Equipment Inc 
Yeomans Brothers C 


Digestion Tank Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Co 
Chicago Pump Co 
Dorr-Oliver Inc 
Eimco Corp 
Gorman-Rupp Co 
Hardinge Co., Inc. 
Infilco Inc 
Mig. Co 
akeside Engineering Corp 
Link-Belt Co 
Pacific Flush Tank Co 
Smith & Loveless 
Vapor Recovery Systems Co. 
Walker Process Inc. 
Yeomans Brothers Cx 
Zimmer & Francescon 


Distributors, Rotary 
Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Co 


of Pfaudler Per- | 
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Dorr-Oliver Inc. 

Eimco Corp 

Infilco Inc 

Lakeside Corp. 
Link-Belt Co 

Pacific Flush Tank Co 

Smith & Loveless 

Walker Process E Inc 
Yeomans Brothers Co 

Zimmer & Francescon 


Dryers 

Alpha Ltd. (Switzerland) 
Combustion Engineering, Inc 
Eimco Corp 

Hardinge Co., Inc 
Komline-Sanderson Engr 
Link-Belt Co 

Nichols Engr. & Research Corp. 


Corp. 


Ejectors 
Komline-Sanderson Engr 
Smith & Loveless 
Tex-Vit Supply Co 
Yeomans Brothers Co. 


Corp 


Engineers (see Directory of Engi- 
neers) 


Engines (Sludge Gas and Pe- 
troleum Fuels) 

Climax Engine Mfg. Co. 

Fairbanks, Morse & Co 

Waukesha Motor Co 

Worthington Corp 


Fans (also see Air Compressors, 
Blowers, and Compressors) 

Chicago Pump Co 

Lakeside Engineering Corp 

Westinghouse Electric Corp 


Filter Equipment, Trickling 
Alpha Ltd. (Switzerlan 
American Well Works 

Ralph B. Carter Co 
Dorr-Oliver Inc 

Dow Chemical Co. 

Eimco Corp 

Filtration Equipment Corp. 
Industrial Materials Co 

Infilco Inc 

Keasbey & Mattison Co. 
Komline-Sanderson Engr. Corp. 
Lakeside Engineering Corp. 
Nichols Engr. & Research Corp. 
Pacific Flush Tank Co 

Smith & Loveless 

Trickling Filter Floor Inst. 
Walker Process Equipment Inc 
Yeomans Brothers Co 

Zimmer & Francescon 


Filter Materials 
Carborundum Co, 

Filtration Equipment Corp. 
Glenn Chemical Co 

Graver Water Conditioning Co. 
Industrial Materials Co 
Johns-Manville Sales Corp. 
Vulcan Materials Co 


Filters, Diatomaceous Earth 
Graver Water Conditioning Co. 
Yeomans Brothers Co 


Filters, Vacuum (also see Vacuum 
Filters) 

Bird Machine Co. 

Dorr-Oliver Inc 

Eimco Corp 

Proportioneers Div., B-I-F Industries 

Flocculating Equipment 

Alpha Ltd. (Switzerland) 

American Well Works 

Ralph B. Carter Co 

Chain Belt Co 

Dorr-Oliver Inc 

Eimco Corp 

Graver Water Conditioning Co. 

Hardinge Co., Inc. 

Infilco Inc. 


Jeffrey Mfg. Co. 

Lakeside Engineering Corp. 
Link-Belt Co 

Walker Process Equipment Inc. 
Webster Mfg., Inc 

Zimmer & Francescon 


Flotation Equipment 

Chain Belt Co 

Dorr-Oliver Inc 

Eimco Corp. 

Graver Water Conditioning Co. 
Komline-Sanderson Engr. Corp. 
Yeomans Brothers Co 


Flow Measurement 

Burgess-Manning Co., 
ments Div. 

Filtration Equipment Corp. 


Penn Instru- 


Gas Control Equipment 

Alpha Ltd. (Switzerland) 

Burgess-Manning Co., Penn 
ments Div 

Ralph B. Carter Co. 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp 

Foxboro Co 

Homestead Valve Mfg. Co. 

Pacific Flush Tank Co. 

Rockwell Mfg. Co 

Vapor Recovery Systems Co 

Walker Process Equipment Inc. 

Zimmer & Francescon 


Instru- 


Gas Diffusers (see Diffusers, Gas) 

Gas Holders, 
purtenances 

Ralph B. Carter Co. 

Chicago Pump Co 

Dorr-Oliver Inc 

Eimco Corp 

Johns-Manville Sales Corp 

Pittsburgh-Des Moines Steel Co. 

Walker Process Equipment Inc. 


Boilers, and Ap- 


Gaskets 
Johns-Manville Sales Corp. 
Keasbey & Mattison Co. 


Gates 
Armco 
Inc 
Filtration Equipment Corp. 

Industrial Materials Co. 
Snow Gates & Valves, Inc. 
Webster Mfg., Inc. 


Drainage & Metal Products, 


Generators 

‘limax Engine Mfg. Co. 
Fairbanks, Morse & Co. 
General Electric Co 
Westinghouse Electric 
Worthington Corp 


Corp. 


Grinders (also 
Grinders) 

Alpha Ltd. (Switzerland) 

American Well Works 

Chain Belt Co. 

Dorr-Oliver Inc. 

Gruendler Crusher & Pulverizer Co 

Mig. Co. 

feomans Brothers Co 


see Shredders and 


Grit Collection and Condition- 
ing Equipment 

Alpha Ltd. (Switzerland) 

American Well Works 

Chain Belt Co 

Chicago Pump Co. 

Dorr-Oliver Inc. 

Eimco Corp. 

Infilco Inc 

Jeffrey Mfg. Co. 

Link-Belt Co 

Walker Process Equipment Inc. 

Webster Mfg., Inc 

Zimmer & Francescon 
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School, near Tacoma, Wash. (under 
5,000). These awards include a certifi- 
cate and a $25 bond. 

A proposal to change the name of 
the association was submitted to a 
letter ballot in the form of a constitu- 
tional amendment. The name Pacific 
Northwest Pollution Control <Associa- 
tion was adopted, effective Jan. 1, 
1960. 

Officers elected for 1960: 


President: Robert O. Sylvester, Seattle, 
Wash. 

Vice-President: Ray S. Fish, Medford, 
Ore. 

Director: R. Trumbull Smith, Seattle, 
Wash. 

Secretary-Treasurer: Gilbert H. Dun- 
stan, Pullman, Wash. 


G. H. Dunstan 
Secretary-Treasurer 


NEW YORK SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 32nd Annual Meeting of the 
New York Sewage and Industrial 
Wastes Association was held at the 
Park Sheraton Hotel in New York City 
on Jan. 21 and 22, 1960. A total of 315 
members and guests were registered. 

At the first technical session the fol- 
lowing papers were given: ‘‘New York 
State Oxidation Pond,’’ by S. W. Wil- 
liams of O’Brien and Gere, Syracuse; 
‘‘Treatment Studies on Long Island 
Duck Farm Wastes,’’ by Associate 
Professor C. D. Gates, Syracuse Uni- 
versity; ‘‘Waste Treatment at the 
Poughkeepsie Plant of the Interna- 
tional Business Machine Corp.,’’ by 
Associate Plant Engineer J. J. Jeffer- 
son, IBM, Poughkeepsie; and ‘‘Chlo- 
rine Demands and Chlorine Require- 
ments of an Industrial Waste,’’ by 
M. C. Rand, Chief Chemist, Middlesex 
County Sewerage Authority, New 
Jersey, and J. V. Hunter, Lecturer in 
Sanitation, Rutgers University. <A 


(Continued on page 365a) 


PSYCHODA FLIES 
in_trickling filters 


without damage to 
zoogleal film 


without destroying 
beneficial bacteria 


without reducing 
filter efficiency 


NEW INHIBITORY FACTOR— Hundreds 
of tests have demonstrated that R.S.C. 
is extremely effective in killing Psychodae 
which have shown high degree of resistance 
to DDT, Methoxychlor, Lindane, Chlor- 
dane, Dieldrin, Aldrin, Malathion and other 
insecticides. 

This is accomplished by an inhibitory fac- 
tor which renders a hitherto resistant fly 
susceptible to the insecticides in the R.S.C. 
formula. Field tests in such widely separated 
areas as Illinois, Texas, Florida have shown 
that use of R.S.C. reduces filter fly popula- 
tion to practically nil. 


SAFE, ECONOMICAL—R.S.C. is regis- 
tered by the United States Department of 
Agriculture for control of Psychoda flies. 
When used according to directions, R.S.C. 
is safe, economical, and the most effective 
method of filter fly control to date. 

Send for literature and field test reports. 


TM. 


PAT. APPL. FOR 


GLENN 


CHEMICAL CO. 
Industrial Chemicals Division 
CHICAGO 14, ILLINOIS 
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Grounds Maintenance Equip- Lumber Pipe, Clay 
ment and Supplies Vulcan Materials Co Industrial Materials Co. 
Homestead Valve Mig. Co Pires nal C deg Pipe Mfrs., Inc 
binsor lay Product Co 
’ Manhole and Inlet Castings Wedge ak Clay Pipe Mfrs 
Heating Equipment for Diges- American-Marietta Co 
ters and Buildings Vapor Recovery Systems Co Pipe Cleanin 
Alpha Ltd. (Switzerland) Vulcan Materials Co “C 
Ralph B. Carter C: . | Flexible In 
Chicago Pump Co Masonry Building Materials | Homestead Valve Mig. Co 
Dorr-Oliver Inc American-Marietta Co , 
National Water Main Cleaning Co. 
Eimco Corp Portland Cement Assn W: 
Infilco Inc ulcan Materials Co Pi ‘ P 
1 4 pe Coatings and Linings 
Co | Meter Boxes Amercoat Corp ; 
acific Flush Tank Co Johns-Manville Sales Corp |} American Pipe & Construction Co > 
Walker Process Equipment Inc Centriline Comp 
Meters (Sewage, Sludge, Water Ke 
‘ ppers (¢ Inc 
Air, and Gas) | Nation Ww ter Main Cl 
Incinerators Builders-Providence Div., B-I-F In- Pere Mig Co 
Combustion Engineering, Inc | dustries bbins Ener. & Mie. C 
Nichols Engr. & Research Corp ts Div . Vulcan “Materials Co 
Pittsburgh-Des Moines Steel Co Ralph B. Carter Cc " ; 
Walker Process Equipment Inc Filte tion Eauipm at Cc Pipe, Concrete . 
atl "Co quipmen rp. American Concrete Pressure Pipe 
»xboro 
Insect Control Assn 
Glenn Chemical Co. | American-Marietta Co 
Leeco Chemical Co., Div. of Leeco Pipe ( Co 
Gas & Oil Co ray Concrete Pipe Co., Inc. 
Re ickwell Mig. Co Lock Joint Pipe Co 
Inspection, Sewers Roots-Connersville Blower, Div. of | Portland Coment Assn. 
National Water Main Cleaning Co implex Valve and Meter Co Vulcan Materials Co 
Worthington Corp | 
Instruments Recording and 5 | Pipe, Fiber 
see Controls and Alpha Ltd (Switzerland) Sonoco Products Co. 
Builders-Providence Div., B-I-F In- | | Pipe Fittings 
dustries Chain Belt Co | American Cast Iron Pipe Co. 
: Burgess-Manning Co., Penn Instru- | Dork Oliver ca Cast Iron Pipe Research Assn 3 
i _ments Div : | Eimco Corp Keasbey & Mattison Co 
: Fischer & Porter Co. | Infil in Price Bros. Cx 
Fisher Scientific Co lefivey Mfg. Co Robinson Clay Product Co 
Foxboro Co | Walker Weaoaie Equipment Inc Smith Bi: air, Inc 
; General Electric Co } cal Div Wastnen Machinery Ca U. S. Pipe & Foundry Co 
Infilco Inc. Wedge-Lock Clay Pipe Mfrs 
Minneapolis-Honeywell Regulator Co., Motors | R. D. Wood Co a 
Brown Instruments Div Chicago Pump Co 
Ohmart Corp Fairbanks, Morse & Co Pipe Jointing Materials (see 
ae Rockwell Mig. Co | General Electric Co Jointing Materials) 
Ps Wallace & Tiernan Inc Link-Belt C 
Bice Westinghouse Electric Corp Westinghouse Electric Corp | Pipe, Plastic 
-Exe E ome | Evanite Plastic Co, 
: Permutit Co., Div. of Pfaudler Per | me 
mutit Inc | Odor Control Materials | Pipe, Repairs : 
Airkem Inc Centriline Corp. 
Florasynt uaboratories Smith-Blai 
Jointing Materials ona Gas ratories, Inc mith-Blair, Inc. 
— Concrete Pressure Pipe Wallace & Tiernan Inc. | Pipe, Steel 
_ Assn, | American Pipe & Construction Co. 
Pipe »., Inc | Armco Drainage & Metal Products, 
seasbey & Mattison irkem Inc Inc 
Clay s., Inc Keasbey & Mattison Co. 
’erry-Austen Mig 
Fy: Robinson Clay Product Co Perey = Treatment Plastic Pipe Products 
Stebbins Engr. & Mig. C« ain be o. Amercoat Corp 
Wedge-Lock Clay Pipe Mfrs | ‘Oli Co. Evanite Plastic Co 
| snc Keasbey & Mattison Co. 
Joints, Mechanical | Infilco Inc 
} American Cast Iron Pi 0 Municipal service Co. Publications 
er Johns-Manville Sales Smith & Loveless _ American City Magazine : 
arti | Robinson Clay Product Co Yeomans Brothers Co I ngineering News-Record 
Smith-Blair, In Public Works 
Pounds Packin ublic orks Magazine 
U. S. Pipe & Fou ary ‘ Johr Manville Sales Corp. Wastes Engineering 
Wedge-Lock Clay Pipe Mirs Reesher & Mattison Co Water & Sewage Works 
lity John Wiley & Sons, Inc. 
Paints and Protective Coatings 
Laboratory Equipment and Amercoat Corp Pump Controls 5 
— Inertol Co., Inc Builders-Providence Div., B-I-F In- 
ation Equipment Corp Koppers Co., Inc dustries 
Fisher Scientific Perry-Austen Mfg. Co. Burgess-Manning Co., Penn Instru- 
General Chemical Div , Allied Chem- | Smith & Loveless ments Div 
ical Corp | Stebbins Engr. & Mfg. Co. Chicago Pump Co 
he 
Lift Stations ipe, Asbestos Cement Co. 
— Corp Industrial Materials Co. ( cnaiel Electric Co 
Smith & Loveless Johns-Manville Sales Corp 
Ss sasbey & 50 
Tex-Vit Supply Co. Keasbey & Mattison Co. Brown Instruments Div ii 
Lighting Fixtures Pipe, Cast Iron : Rockwell Mfg. Co , 
Westinghouse Electric Corp American Cast Iron Pipe Co | Smith & Loveless 
Cast Iron Pipe Research Assn | Tex-Vit Supply Co 
Lubricants Industrial Materials Co. | Westinghouse Electric Corp. 
Homestead Valve Mfg. Co U. S. Pipe & Foundry Co | Worthington Corp 


Johns-Manville Sales Corp R. D. Wood Co Zimmer & Francescon 


oy 
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written discussion of the paper by 
H. ©. Marks, Director of Research of 
Wallace and Tiernan Inec., was read 
by A. E. Griffin, Staff Consultant of 
the same organization. 

At the luncheon session, 185 mem- 
bers and guests attended. Federation 
Executive Secretary Ralph Fuhrman 
briefly discussed some of the affairs 
of the Federation and on behalf of the 
Federation presented the Bedell Award 
to A. F. Dappert and the Hatfield 
Award to James M. Brown. Mr. 
Brown, then acting as Chairman of 
the Association’s Memorial Awards 
Committee, presented the Association's 
Kenneth Allen and Charles Agar 
Awards. The first went to Professor 
William T. Ingram for his paper, ‘‘An 
Investigation of the Mechanics of Fil- 
tration,’’ the second to Francis V. 
Padar for his paper, ‘‘ Individual and 
Subdivision Sewage Disposal Problems 
in New York City.’’ Vice-President 
Bernhardt presented the Past-Presi- 
dent’s Key and Certificate to President 
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Steffensen on behalf of the Association. 

At the first afternoon technical ses- 
sion, four papers and a film were pre- 
sented. The papers included: ‘‘An 
Industrial Approach to Combined 
Treatment of Industrial Wastes and 
Domestic Sewage,’’ by J. Floyd Byrd, 
Pollution Control Engineer of Procter 
and Gamble, Cincinnati, Ohio; ‘‘ Lev- 
els of Detergents in Sewage Treatment 
Processes,’’ by R. M. Manganelli, H. E. 
Orford, and C. N. Henderson of Rut- 
gers University; ‘‘Sewer Inspection 
Using Photographic Methods,’’ by 
V. L. Packard, Director of Public 
Utilities, Niagara Falls; and ‘‘Ten 
Years of Water Pollution Control Pro- 
gram in New York State,’’ by A. F. 
Dappert, Executive Secretary, New 
York State Pollution Control Board. 
A film entitled ‘‘Lifetime Protection 
for Sewerage Structures,’’ presented 
by T. W. Ward, Sales Engineer, Amer- 
coat Corporation, dealt with vinyl 


(Continued on page 367a) 


SNOW GATES 


sion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GarTES & VALVES 


2437 East 24th Street 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are “ Parker- 
ized” for protection against rust and corro- 


for 


Los Angeles 54, Calif. 


>) 
- - 
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Pumps, Airlift 
Davco Corp 
Walker Process Equipment Inc 


Pumps, Chemical Feed 
Proportioneers Div., B-I-F Industries 


Pumps, Gas 

Roots-Connersville Blower, Div. of 
Dresser Industries Inx 

Sutorbilt Corp 


Pumps, Grit 
Nagle Pumps, Inc 


Pumps, Sewage 

Alpha Ltd. (Switzerland) 

American Well Works 

Chicago Pump Co 

Davco Corp 

Eimco Corp 

Fairbanks, Morse & Co 

Gorman-Rupp Co 

Infilco Inc 

Marlow Pumps, Div. of Bell & Gos- 
sett Co 

Smith & Lovele 

Sutorbilt Corp. 

Wallace & Tiernan Inc 

Wemco Div., Western Machinery Co 

Worthington Corp 

Yeomans Brothers Co 

Zimmer & Francescon 


Pumps, Sludge 

Alpha Ltd. (Switzerland) 

American Well Works 

Ralph B. Carter Co 

Chicago Pump 

Dorr-Oliver Inc 

Eimco Cerp 

Fairbanks, Morse & Co 

Gorman-Rupp Co 

Hardinge Co., 

Infilco Inc 

Komline-Sanderson Engr. Corp 

Mar.iow Pumps, Div. of Bell & Gos- 
sett Co 

Nagle Pumps, 

Sutorbilt Corp 

Wallace & Tiernan Inc 

Wemco Div., Western Machinery Co 

Worthington Corp 

Yeomans Brothers Co 

Zimmer & Francescon 


Pumps, Vacuum 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc 

Sutorbilt Corp. 


Pumps, Water 

American Well Works 

Ralph B. Carter Cx 

Chain Belt Co 

Chicago Pump Co 

Eimco Corp 

Fairbanks, Morse & Co 
Gorman-Rupp Co 

Marlow Pumps, Div. of Bell & Gos- 


Wallace & Tiernan Inc 
Worthington Corp 
Yeomans Brothers 
Zimmer & Francescon 


Radiation 
ment 
Westinghouse Electric Corp 
Radios, Mobile 
General Electric 


Monitoring Equip- 


Recorders (also see Instruments, 
Recording, and Control) 

Builders-Providence Div., B-I-F In 
dustries 

Burgess-Manning Co., Penn Instru- 
ments Div 

Fischer & Porter Co 

Fisher Scientific Co 

Foxboro Co 

General Electric Ce 

Minneapolis-Honeywell Regulator Co., 
Brown Instruments Div 

Ohmart Corp 

Wallace & Tiernan Inc 
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Refractory Building 
Carborundum Co 

Johns-Manville Sales Corp 
Robinson Clay Product Co 
Stebbins Engr. & Mfg. Co 


Materials 


Safety Equipment 
Vapor Recovery Systems Co 


Sampling Equipment 
Chicago Pump Co 

Infilco Inc 

Lakeside Engineering Corp 


Sand, Gravel, and Stone 
Graver Water Conditioning Co 
Vulcan Materials Co 


Screening Equipment 
Alpha Ltd. (Switzerland) 
American Well Works 
Chain Belt Co 

Chicago Pump Co. 
Dorr-Oliver Inc. 

Eimco Corp 

Infilco Inc 

Jeffrey Mfg. Co. 
Link-Belt Co 

Walker Process Equipment Inc. 
Zimmer & Francescon 


Sedimentation Equipment (also 
see Clarifier Equipment) 

Alpha Ltd. (Switzerland) 

American Well Works 

Ralph B. Carter Co 

Chain Belt Co 

Dorr-Oliver Inc 

Eimco Corp 

Graver Water Conditioning Co. 

Hardinge Co., Inc 

Infilco 

Jeffrey Mig. Co 

Komline-Sanderson Engr. Corp 

Lakeside Engineering Corp 

Link-Belt Co 

Walker Process Equipment Inc 

Webster Mfg., Inc 

Yeomans Brothers Co 


Sewer Cleaning Equipment 
Flexible Inc 

Homestead Valve Mig. Co 
National Water Main Cleaning Co 
W. H. Stewart, Inc 


Sewer Inspection (see Inspection, 
Sewers) 


Shredders (also see Comminutors 
and Grinders) 

Alpha Ltd. (Switzerland) 

Chain Belt Co 

Dorr-Oliver Inc 

Gruendler Crusher & Pulverizer Co. 

Jeffrey Mig. Co 

Yeomans Brothers Co 


Siphons 

Alpha Ltd. (Switzerland) 
American Well Works 
Ralph B. Carter Co 
Eimco Corp 

Infilco Inc 

Lakeside Engineering Corp. 
Pacific Flush Tank Co 
Yeomans Brothers Co 


Sludge Concentrators 
imco Corp 


Nichols Engr. & Research Corp. 


Sludge Flotation Equipment (see 
Flotation Equipment) 


Sludge Handling and Control 
Chain Belt Co. 

Dorr-Oliver Inc. 

Eimco Corp 


Nichols Engr. & Research Corp 
Walker Process Equipment Inc 


Sludge Removal Equipment 
Jeffrey Mig. C 

Link-Belt Co 

Webster Mfg., Inc 


Sludge Shredders 

Alpha Ltd. (Switzerland) 
Gruendler Crusher & Pulverizer Co. 
Jeffrey Mfg. Co 


Sprockets 

Chain Belt Co 
Link-Belt Co 
Webster Mfg., Inc 


Steel Pipe Products 
Armco Drainage & Metal Products, 
Inc 


Structural Metal 
Alpha Ltd. (Switzerland) 


Switchgears 

Alpha Ltd. (Switzerland) 
General Electric Co 
Westinghouse Electric Corp. 
Worthington Corp 


Tanks 

Chain Belt Co. 

Link-Belt Co 

Pittsburgh-Des Moines Steel Co. 
Preload Co., Inc 

Stebbins Engr. & Mfg. Co. 


Tools 
Flexible Inc 


Transformers 

Alpha Ltd. (Switzerland) 
General Electric Co 
Westinghouse Electric Corp 


Trickling Filter Equipment (see 
Filter Equipment, Filter) 


Trucks and Tractors 
Eimco Corp. 


Turbines 
Worthington Corp. 


Vacuum Filters (also see Filters, 
Vacuum) 

Bird Machine Co. 

Dorr-Oliver Inc 

Eimco Corp 

Komline-Sanderson Engr. Cor 

Proportioneers Div., B-I-F Industries- 


Valves and Gates 

Armco Drainage & Metal Products, 
Inc 

Builders-Providence Div., B-I-F In- 
dustries 

Chapman Valve Mig. Co 

DeZurik Corp 

Filtration Equipment Corp. 

Homestead Valve Mfg. Co. 

Industrial Materials Co. 

Iowa Valve Co 

Mueller Co 

Rockwell Mfg. Co 

Roots-Connersville Blower, Div. of 
Dresser Industries Inc 

Simplex Valve and Meter Co. 

A. P. Smith Mig. Co 

Snow Gates & Valves, Inc. 

Westinghouse Electric Corp 

W-K-M Division, ACF Industries, 


Inc. 
R. D. Wood Co 
Yeomans Brothers Co. 


Vessels (see Tanks) 


Weighing Devices 

Builders-Providence Div., B-I-F In- 
dustries 

Fairbanks, Morse & Co. 

Fisher Scientific Co 

Wallace & Tiernan Inc 


: 
. 
| 
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«AUTOMATIC LUBRICATION 
2 For Centrifugal Pump Glands 


i The Z-F Grease Seal applies constant positive lu- 
brication to packing and chaft —automatically. Im- 
proved shut-off mechanism permits use of either 
grease or oil. 

No more trouble spot where shaft enters casing —elimi- 
nates excessive heat, rapid wear, leak- 
age and scoring. 

Horizontal or vertical mounting. 
Many other advantages too. Write fer 
complete description and price. 
Zimmer & Francescon, P.O. Box 359, 
Moline, II. 


chloride resin sheet linings applied to President: C. J. Bernhardt, Hamburg. 
conerete structures exposed to sewage. Vice-President: Guy Griffin, White 
The second day’s technical session Plains. 
included three papers: ‘‘Operation of Director: R. C. Sweeney, White Plains. 
Sewage Treatment Plants for the New Secretary: R. C. Sweeney, White 
York State Thruway Authority,’’ by Plains. 
I. P. Sander, Senior Sanitary Engineer Treasurer: D. B. Stevens, Albany. 
of the Authority; ‘‘Operating Experi- : 
ences with Small Sewage Treatment R. C. SWEENEY 
Plants at Small Isolated Military In- Secretary 
stallations,’’ by William Wechter, 
Sanitary Engineer, First Army Head- 
quarters, New York; and ‘‘Operation 
of High Rate Digesters at the hintaies FOR SALE 
Sewage Treatment Plant of New York 
City,’’ by Norman Nash and A. H. Equipment from a 
Chasick, Engineers, New York City . 
Department of Public Works. complete primary- 
The closing afternoon session was in secondary activated 


charge of G. A. Fleet of the Program e t t t 
Committee. The three papers pre- sewage treatmen 


sented included: ‘‘Ion Concentration plant employing sep- 
in Anaerobie Digestion,’’ by P. L. Me- : 
Carty and R. E. McKinney, Assistant — sludge diges- 
and Associate Professors of Sanitary tion and vacuum fil- 
Engineering, Massachusetts Institute trati 

| g, ration built-in units. 
of Technology; ‘‘DeLaval Whey Pro- 
tein Proecess,’’ by Henry Wall, Vice Design capacity 4.5 
President, Graoe Dairy, East Aurora, mad. Good condition. 
N. Y., and W. W. Pinckney, DeLaval 
Separator Company, Poughkeepsie; . 
and ‘‘Experimental Treatment of Cot- Bergen County Sewer Authority 
tage Cheese Whey Bearing Wastes,’’ Box 122 
by W. T. Ingram, Adjunct Professor, 
New York University. 

At the business meeting, these officers HUbbard 7-1350 
were elected for the year 1960-61: 


Little Ferry, New Jersey 


| 
BB. 
4 
| 
| 
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Equipment and Supply Lines 


Sewage Testing Unit—Bulletin FS- 
242 of the Fisher Scientific Co., 717 
Forbes St., Pittsburgh 19, Pa., de- 
seribes, in detail, the Fisher-Hatfield 
Sewage Testing Unit. This packaged 
laboratory was developed jointly by 
Fisher and Past-President W. D. Hat- 
field. Units are available in four size 
categories: small plants (population 
under 7,500); large primary plants 
(over 7,500); medium-size secondary 
plants (7,500-25,000) ; and large see- 
ondary plants (over 25,000). 


Adjustable Speed Drives—A new, 
low-cost line of eddy current coupling 
adjustable speed drives, with rating 
from 5 to 100 hp, has been announced 
by the General Electric Co., Schenec- 
tady 5, N. Y. The ‘‘Kinatrol’’ line is 
being offered as a complete package 
including the drive unit, control en- 
closure with control for both coupling 
and integrally mounted motor, and op- 
erator’s station. 


Vacuum Filters—A water-filled 
loop (Figure 1) is utilized in a cloth 
discharger licensed by Peterson Filters 
and Engineering Company, Salt Lake 


City, Utah. The discharger is said to 


fit any size drum filter. 


LAP SEAL 


TRAINING 


ROD 
CLOTH 
__ WASHING DISCHARGE 
SPRAYS | 
ROLL 


AIR OR SLUICE 


DISCHARGE 
FLUID: 


TENSION ROLLER 


WATER FILLED RUBBER TUBE) 


FIGURE 1.—Cloth discharger. 


Paint Specifications—A  24-page 
booklet of the Perry-Austen Co., Ince., 
250 Parkinson Ave., Staten Island 5, 
N. Y., contains information on: sur- 
face preparation, itemized specifica- 
tions for surfaces and equipment in 
sewage treatment plants, complete 
specifications for sewage treatment 
plants, product information, and a 
color chart. 


woRKS 
WEL 


FIGURE 2.—Air comb. 
Diffuser—A 


new ‘‘Aircomb”’ dif- 
fuser (Figure 2) with self-cleansing 
non-clog teeth has been announced. 
The diffuser is cast in bronze, alumi- 
num, cast iron, or any other necessary 
material Bulletin 415, American 
Well Works, Aurora, III. 


Sealed Electrode—The ‘‘Sealtrode”’ 
sealed electrode floatless pump control- 
ler is the topie of Bulletin 128A.— 


Chicago Pump Co., 622 
Parkway, Chicago 14, II. 


Diversey 


Compressed Air—‘‘Compressed Air 
Fundamentals’’ is the title of a new 
booklet, Form 1548, published by 
Ingersoll-Rand, 11 Broadway, New 
York 4, N. Y. The bulletin describes 
compressed air, how it is compressed, 
single- and two-stage compressors, pis- 
ton displacement, actual delivery, un- 
loading of compressors, and regulation 
and types of control. 


ar 
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DIRECTORY OF ENGINEERS 


ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water. Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Airports 
Dams, Flood Control, Industrial Buildings 
Investigations, Reports, Appraisals and Rates 


THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PA. 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, Water Purification, 
Flood Relief, Sewerage, Sewage 
Disposal, Drainage, Appraisals, 
Power Generation 


Civic Opera Building Chicago 


ANDERSQN-NICHOLS 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 
Hartford, Conn. Boston 14 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 

Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers Atrport Design —Sewage Disposal 
Syatems— Water Works Design and Operation —Surveys 
and Maps—City Planning — Highway Dengn —Construc- 
tion Surveys-—Pipe Line Surveys 


Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


, P. O. Box 166 Crystal Lake, Illinois 


THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemical Analyses 


Amherst View, Collins Bay, Kingston, 
Ontario, Canada 


HOWARD K. BELL 


Consulting Engineers 
G. 8. Bett C. G. Garrner J. K. 
J. W. Finney, Jr. 

Sewerage Water Works 
Sewage Treatment Water Purification 
Refuse Disposal Swimming Pools 
Industrial Wastes 
553 S. LIMESTONE ST., LEXINGTON, KY. 


BETZ LABORATORIES, INC. 
Consulting Engineers 


Industrial Waste 

Industrial Water 
Analysis Design 
Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 


ONLY $75 PER YEAR 


is the cost of a _ professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


BLACK & VEATCH 


Consulting Engineers 
Sewage — Gas — Water — Electricity — Industry 
Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 
1500 Meadow Lake Parkway 
Kansas City 14, Mo. 


CLINTON BOGERT ENGINEERS 


Consultants 
CLINTON L. BOGERT IvAN L. BoGEeRT 
DONALD M. DITMARS tOBERT A. LINCOLN 
CHARLES A. MANGANARBO WILLIAM MARTIN 
Water & Sewage Works Incinerators 
Drainage Flood Control 
Highways and Bridges Airfields 


145 East 32nd Street, New York 16, N. Y. 


BOWE, ALBERTSON & ASSOCIATES 
Engineers 
Water and Sewage Works 
Industrial Wastes 
Refuse Disposal 
Valuations 
Laboratory Service 
75 West St. 1000 Farmington Ave. 
New York 6, N.Y. West Hartford 7, Conn. 


BOYLE ENGINEERING 
Consulting Engineers 
Water Sewers — Streets 


Structures — Surveys 
Reports—Special Districts 


331 Spurgeon Bidg. 3913 Ohio, Rm. 200 
Santa Ana, Calif. San Diego 4, Calif. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 


WATER - SEWAGE - INDUSTRIAL WASTE 
CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BROWN ENGINEERING CO. 


Consulting Engineers 


Water and Sewage Works 
Industrial Waste Control and Treatment 


Laboratory Services 


508 TENTH STREET DES MOINES, IOWA 


FLOYD G. BROWNE AND ASSOCIATES 


F. G. Browne 8. W. Kuhner 
W. G. Smiley C. R. Martin 
G. M. Hinkamp W. H. Kuhn 


Consulting Engineers 
Water - Sewage - Industrial Wastes - Power 
Reports, Designs, Construction 
Supervi 1, Investigations, 


I aboratory 


123-125 W. Church Street Marion, Ohio 


Your firm should be 
listed here 


. . . the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 


112 East 19th Street New York 3, N. ¥. 


JOURNAL 


Advertising Pages 


These pages provide assistance to you 
when service is needed in the waste 
water field. The WPCF Product Guide, 
in the final pages of the JOURNAL, 


also assist the readers 


Take advantage of the services of these outstanding consultants! 
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BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 

Laboratories, Plant Supervision 


2015 W. Fifth Ave. 


Columbus 12, Ohio 


DIRECTORY OF 
ENGINEERS 


BURNS & McDONNELL 


Engineers - Architects - Consultants 


4600 E. 63rd St. Trafficway 
Kansas City 41, Missouri 


CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 


Flood Control 


18 Tremont Street Boston 8, Mass. 


Your firm should be 
listed here 

. the most complete Directory 
available of consultants specializ- 


ing in sewage and industrial wastes 
treatment. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 


Designs and Surveys Roads and Streets 
Planning Airports 
Bridges Dams 


Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage Treatment 
Industrial Waste Disposal and Recovery 
ower Plants-Incineration—Gas Systems 
Valuations- Rates- Management 
Laboratory 


601 Suismon St., Pittsburgh 12, Penna. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


ONLY $75 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply—Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


360 East Grand Ave. 


Chicago 11, Ill. 


JOURNAL 
Advertising Pages 
These pages provide assistance to you 
when service is needed in the waste- 
water field. The WPCF Product Guide, 
in the final pages of the JOURNAL, 


also assist the readers. 


Sanitary and 


ROY B. EVERSON arauite 


Sewage and industrial wastes treatment, city 
water purification, and complete swimming pool 
systems—Filtration Experience since 1900 
Valuations — Reports— Research — Development 
207 W. Huron St., Chicago 10, Il. 
SUperior 7-3339 


It pays to secure competent and experienced engineering advice! 
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JO U R NAL 
DIRECTORY OF Advertising Pages 


These pages provide assistance to you 

when service is needed in the waste 
ENGINEERS water field. The WPCF Product Guide, 
in the final pages of the JOURNAL, 


also assist the readers. 


FAY, SPOFFORD & THORNDIKE, INC. 
ENGINEERS 


Sewage Treatment——Sewerage and Drainage Systems 


ONLY $75 PER YEAR 


is the cost of a professional listing 
‘ in this space. A card here will iden- 
Water Supply and Distribution—Incinerators I “ ‘ here w iden 
Airports—Bridges—Express Highways—Port and tity your firm with the specialized 

Terminal Works—Industrial Buildings sewage and industrial wastes field and 


11 Beacon Street Boston 8, Massachusetts will afford maximum prestige! 


FINKBEINER, PETTIS & STROUT FROMHERZ ENGINEERS 


Structural - Civil - Municipal 
Four Generations Since 1867 
Water Supply; Sewerage; Structures; 
Drai ze; Foundations 

Sewerage, Sewage Treatment, Industrial Waste Disposal 
Industrial Waste Treatment Investigations ; Reports; Plans and 
Specifications ; Supervision 


816 Howard Avenue New Orleans 12, La. 


CONSULTING ENGINEERS 


Water Supply, Water Treatment, 


2130 Madison Avenue Toledo 2, Ohio 


GANNETT FLEMING CORDDRY GIBBS & H ve 
rI BB ILL, IN 
& CARPENTER, INC. & C. 
ENGINEERS Consulting Engineers 
Dame. Water Works. Gewnes. Waster & Gar Industrial and Municipal Waste Treatment 
bage Disposal, Highways, Bridges & Airports, Traffic & Water Supply and Treatment 
Parking— Appraisals, Investigations & Reports Electric Power and Transmission 
HARRISBURG, PENNA. Transportation and Communication 
Branch Offices: Pittsburgh, Pa. Philadel- PENNSYLVANIA STATION 
phia, Pa. Daytona Beach, Fla. NEW YORK 1, NEW YORK 


GILBERT ASSOCIATES, INC. HOWARD R. GREEN CO. 
Engineers and Consultants Consulting Engineers 
Established 1913 
H. R. Green 
). MULLINEX G. R. Hotcukiss 
A. SAMPSON H. A. MILier 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 


I 
3. C. AHRENS B. W. GrirritH 


( 

Chemical Laboratory Service } 
Investigations and Reports Water, Sewerage & Industrial Wastes 
P.O. Box 1498 Public Works & Industrial Projects 

New York READING, PA. Washington Green Engineering Building Cedar Rapids, lowa 


GREELEY & HANSEN L. B. GRIFFITH 
Engineers 


CONSULTING ENGINEER 

Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal Research, Reports and Designs on Sew 
Sewerage, Sewage Treatment age and Industrial Waste Treatment 


14 East Jackson Boulevard, Chicago 4, Ilinois 450 West Broad St Falls Church, Va. 


Take advantage of the services of these outstanding consultants! 
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HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 


DIRECTORY OF 
ENGINEERS 


HAVENS AND EMERSON 


. Burger H. H. Moseley 
F. S. Palocsay 
G. H. Abplanalp 
A. M. Mock S. H. Sutton 
Frank C. Tolles, Consultant 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bldg. Woolworth Bidg. 
Cleveland 14, O. New York 7, N. Y¥. 


HAZEN AND SAWYER 
ENGINEERS 
Ricaarp Hazen W. Sawyer 
H. E. Hupson, Jnr. 


Water and Sewage Works 
Industrial Waste Disposal 
Drainage and Flood Control 


360 Lexington Ave., New York 17, N. Y. 


HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 
Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 


HORNER & SHIFRIN 
Consulting Engineers 
E. E. Boss V. C. Liscuer 
Airports, Sewerage & Drainage, Hydrology, 
Sewage Treatment, Industrial Waste Treatment, 
Water Supply & Treatment, Paving, Structures, 
Industry Engineering Services 


1221 Locust Street St. Louis 3, Mo. 


GRIT AND HEAVY SLUDGE REMOVAL 
CONCRETE RESTORATION 
SEWAGE AND WATER WORKS 


HUDSON-RUMSEY CO., INC. 


Professional Engineers 


1679 Niagara St. 
Buffalo 7, N. Y. 


WILLIAM T. INGRAM 


Consulting Engineer 

Sanitary and Public Health Engineering 

Planning—Design— Research— Water 

Sewage——Refuse—Industrial Wastes 
Air Pollution Control—Industrial Health 

Offices: 
East Coast West Coast 

20 Point Crescent 90 Panoramic Way 
Whitestone 57, N.Y. Walnut Creek, Calif. 


The Jennings-Lawrence Co. 
Civil and Municipal Engineers 
Consultants 
Water Supply, Treatment & Distribution 
Sewers & Sewage Treatment 

Reports— Design—Construction 


1392 King Ave. Columbus 12, Ohio 


JONES, HENRY & WILLIAMS 
Consulting Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


2000 West Central Ave. Toledo 6, Ohio 


KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 


E. B. Mar. 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


KENNEDY ENGINEERS 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and Operation 

Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


Los Angeles Salt Lake City Tacoma 


MORRIS KNOWLES Inc. 


Engineers 


Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bldg. 


Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 
Investigations, Reports, Designs 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 
Municipal Engineering 


3242 West 8th Street, Los Angeles 5, Calif. 


LANNING 
Sanitary Engineering Co., Inc. 
Consulting Engineers 
Water, Sewage, Drainage, and Industrial Wastes 
Reports, Designs, Supervision 
Of Construction and Operation 
Chemical & Biological Laboratory 


1100 South Broad St. Trenton, N. J. 


Lozier Consultants, Inc. 
Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS, Ine. 


Consulting Engineers 
Water Supply Sewage Treatment 
Industrial Waste Treatment 
BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 


Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 
Statler Building 
Boston 16 


JAMES M. MONTGOMERY 


Consulting Engineers, Inc. 
Water Supply—Water Purification 
Sewerage—Sewage and Waste Treatment 
Flood Control—Drainage 
Valuations—Rates 
Investigations— Design—Operation 


535 E. Walnut St. 


Pasadena, Calif. 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION— DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 


327 Franklin St., Buffalo, N. ¥. 
500 Fifth Ave., New York 36, N. Y. 


O’BRIEN & GERE 
Consulting Engineers 
Industrial Waste Treatment 
Industrial and Municipal Water Supply 
Sewerage and Sewage Treatment 


400 East Genesee St. 


Syracuse 2, New York 


PARSONS, BRINCKERHOFF, 
QUADE G&G DOUGLAS 
Civil and Sanitary Engineers 


Water, Sewage, Drainage and 
Industrial Waste Problems 


Structural - Power — Transportation 


165 Broadway New York 6, N.Y. 


Take advantage 


of the services of these outstanding consultants! 
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PIATT & DAVIS 
AND ASSOCIATES 


P. D. DAVIS W. M. PIATT, Ill 
Cc lting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Streets, Power Plants 
Electrica! Distribution, Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, WN. C. 


DIRECTORY OF 
ENGINEERS 


MALCOLM PIRNIE ENGINEERS 


Malcolm Pirnie Carl A. Arenander 
Ernest W. Whitlock Malcolm Pirnie, Jr. 
Robert D. Mitchell Alfred C. Leonard 
MUNICIPAL AND INDUSTRIAL 
Water Supply Water Treatment 
Sewage and Waste Treatment 
Drainage Rates Refuse Disposal 
25 West 43rd Street 2910 Grand Central Ave. 
New York 3, N. Y. Tampa 9, Florida 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age ——_ Industrial Wastes; Investigations 
Reports; Design ; Supervision of 
Construction & Operation 


Analytical Laboratories 


36 De Grasse St. Paterson 1, N. J. 


REAVES & GREGORY 


Consulting Engineers 


C. REAVEs 
Paut D. Grecory 


3332 West Seventh Fort Worth 7, Texas 


RESOURCES RESEARCH, INC. 


Municipal and Industrial Air Pollution Control, 
Water Supply, Sewage Disposal, Public Health 
Reports, Investigations, Research 


Louris C. McCase, Pres. 
1246 Taylor St., N.W. Washington 11, D. C. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


New York 55, N.Y. 


369 E. 149th St. 


RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. Rippre V. A. VASEEN 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. 


B. V. 


Denver 5, Colorado 


RUSSELL AND AXON 


Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fla. 


SERVIS, VAN DOREN & HAZARD 
Engineers- Architects 
Investigations - Design - Supervision of 
‘onstruction - Appraisals 
Water - Sewage - Streets - Expressways - Highways 
Bridges - Foundations - Airports - Flood Control 
Drainage - Aerial Surveys -Site Planning -Urban 
Subdivisions - Industrial Facilities -Electrical 
Mechanical 


2910 Topeka Blvd. 


Topeka, Kansas 


J. E. SIRRINE COMPANY 


Engineers 
CJ since 1902 

GREENVILLE, SOUTH CAROLINA 
Design, Reports, Consultations 

Water Supply and Treatment 
Sewage and Industrial Waste Treatment 

Stream Pollution Surveys 

Chemical and Bacteriological Analyses 


It pays to secure competent and experienced engineering advice! 
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DIRECTORY OF 
ENGINEERS 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 


Complete Services 


P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Hershey Building 208 S. LaSalle Street 
Muscatine, lowa Chicago 4, Iilinois 


1154 Hanna Building 
Cleveland 15, Ohio 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage—Waste Disposal 
Bridges— Highways—Industrial Buildings 
Studies—Surveys— Reports 


245 N. High St. Columbus 15, Ohlo 


TIGHE & BOND 
CONSULTING ENGINEERS 
Bowers and Pequot Streets 
Holyoke, Massachusetts 
lel. JEfferson 3-3991 
Civil, Sanitary and Electrical Engineering 
Investigations, Reports, Plans and Specifications 

Supervision of Construction and Operation 


WALLACE & HOLLAND 


Consulting Engineers 


Civil — Sanitary — Structural 


401 N. Federal Mason City, Iowa 


J. STEPHEN WATKINS 
J. 8. Watkins G. R. WatKins 
CONSULTING ENGINEERS 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewe and Sewage 
‘reatment, Highways and Structures, Reports, 

Investigations and Rate Structures 


446 East High Street Lexington, Kentucky 
Branch Office 
4726 Preston Highway Louisville, Kentucky 


ROY F. WESTON, INC. 
Engineers—Biologists—Chemists 
Industrial Wastes 
Stream Pollution—Air Pollution 
Vater—Sewage 
Surveys—Research—Development— Process 
Engineering Plans and Specifications — 
Operation Supervision — Analyses — Evalua- 

tions and Reports 


Newtown Square Pennsylvania 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 
astes Treatment 
Stream Pollution Studies 
Supervision, Valuation 
Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply, 
Water Purification, Water Front Improvements, 
Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical Electrical 


Reports, Plans, Supervision, Appraisals 


1304 St. Paul Street Baltimore 2, Maryland 


WILSON & COMPANY 
ENGINEERS & ARCHITECTS 
Investigations — Planning — Design 
Water, Sewerage, Streets, Highways, Bridges, 
Electrical, Airfields, Drainage, Dams, 
Treatment Plants, Industrial Installations 
Chemical Testing Lab — Aerial Mapping 
Electronic Computer Services, Reproductions 
631 East Crawford - - Salina, Kansas 
2930 Geo. Washington Ave., Wichita, Kansas 


Take advantage of the services of these outstanding consultants! 
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PATRONIZE OUR ADVERTISERS—whose support makes possible the pub- 
lication of this journal. When writing advertisers be sure to mention JOURNAL 
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LAS CRUCES, N. M—8000 gpm GAS 
LIFTER in SO’ dia. digester with fixed 
cover, R. A. Smith, Supt. Gordon Herken 
hoff & Assoc, Albuquerque, Cons. Engrs. 


ROCKFORD, Iti —Three GASLIFTERS in GREENSBORO, N.C.—GASLIFTER in ox 
existing digesters. Henry Riedesel, Mgr isting 75° dio. digester with floating 
San. Dist. Greeley and Hansen, Chicago cover, Dan Holder, Supt. City of Greens 
Cons. Engrs boro, Engrs 


DIGESTER 
CIRCULATOR - MIX& 


GASLIFTER is a trodemork of 
Wolker Process Equipment Inc 


GASLIFTERS incorporate the 
potent right of Joseph Cunetta 


NO INACTIVE ZONES—permits utilization of entire digester capacity allowing higher loading rate. 
IMPROVES OPERATION—circulates and mixes digester contents and insures uniform distribution of 
raw and seeded sludge. 

CONTROLS START-UP—avoids start-up troubles by completely homogenizing contents; induces rapid 
gasification and volatile acids remain low 

ELIMINATES SCUM BLANKET AND GRIT SHOALS—circulation velocity at roof, sides and floor dis- 
perses grease blanket and bottom shoals. 

EASY INSPECTION—exclusive locking chamber permits individual inspection and servicing of GASLIFTER 
sparging units without dangerous gas loss or digester shutdown. Eductor Tube, Gas-Lift principle avoids 
mechanical troubles from rag and “sewage string” fouling 

SACRAMENTO COUNTY, CALIF. (Son. Dist SALT LAKE COUNTY, UTAH—(Suburbon AURORA, ILL.—10,000 gpm GASLIFTER in 
#3) GASLIFTER in 70° dio. digester with Son. Dist.)—12,000 gpm GASLIFTER in 60 existing 50 sq digester Williord P 
fined concrete cover Mr. Norman Farnum dio. digester Emil Meyers, Supt Cald Pfeiffer, Supt. WE. Deuchler, Assoc., 
Supt. Dewonte & Stowell, Socramento well, Richords & Sorensen, Inc, Salt Inc, Avrora, Cons. Engrs 


Cons. Engrs Lake City, Cons. Engrs 


AURORA, ILLINO 
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| WALKER PROCESS EQUIPMENT INC. 


LOCK JOINT 


RUBBER and CONCRETE JOINT 


RUBBER GASKET—, CIRCUMFERENTIAL 
| REINFORCEMENT 
} 
id 


LONGITUDINAL 


Kenilworth, N. J. 
Hartford, Conn. 
New Haven, Conn 
Buffalo, N. Y. 
Rochester, 
Edgewater, Fla 
Miami, Fila. 

W. Palm Beach, Fla 


REINFORCEMENT —~ 


Beloit, Wis 

Chicago, 

Rock Island, Ill 
Valley Park, Mo 

N. Kansas City, Kans 
Tulsa, Okla 
Oklahoma City, Okla 
Wichita, Kans 


NOMINAL 
OlAMETER 


SEWER AND CULVERT PIPE PLANTS: 


Denver, Colo. 
Cheyenne, Wyo. 
Casper, Wyo 
Tucumcari, N. Mex 
Hato Rey, Puerto Rico 
Carolina, Puerto Rico 
Ponce, Puerta Rico 
Caracas, Venezuela 


Pressure Water Sewer REINFORCED CONCRETE PIPE Culvert Subaqueous 


LOCK JOINT PIPE CoO. 


East Orange, New Jersey 


Long life is built into every section of Lock Joint Roller 
Suspension Sewer and Culvert Pipe through a manu- 
facturing process which produces concrete walls of 
unusual strength and density. 

The non-corrosive, non-tuberculant inner surface of 
the pipe is remarkably resistant to abrasion and as- 
sures continued high flow characteristics and trouble- 
free service. 


Lock Joint’s Rubber and Concrete Joint, available in 
this type of pipe and in some designs of conventionally 
cast pipe, gives maximum protection against infiltra- 
tion while affording ample flexibility to accommodate 
deflections due to ground settlement and expansion of 
contraction due to temperature changes. 


For economy in jointing, Roller Suspension Pipe is 
produced in standard 8’ lengths and is available in 
diameters from 12” to 72”. Lock Joint Pipe Company 
also produces machine made and cast pipe ranging in 
diameter from 6” to 120” or even larger if required. All 
Lock Joint sewer and culvert pipe may be designed to 
comply with A.S.T.M., State Highway or individual 
specifications. 


‘OF Tne Os 
DURABILITY... RELIABILITY... FLEXIBILITY... 
LOCK JOINT CONCRETE ROLLER SUSPENSION 
A with the USS ETE JOINT 
= 
| 
: \ t/ 


WaT | RESIDUAL CHLORINATION SYSTEMS 


Automatic residual recording by Wallace & Tiernan gives you a finger 
on the pulse of your chlorination operation. Your system’s performance 
is analyzed; the results recorded accurately. You have an eye on water 
quality. 


Accurate minute-to-minute records guide plant operation ... furnish 
proof of your water’s safety. You can analyze your operation and work 
out efficient maintenance and supervisory routines 

And a W&T Automatic Residual System opens the door to complete 
automation. You have the basis for Compound-loop Control, the ultimate 
in chlorination automation. 

You can build Compound-loop Control component by component. As 
the future demands. you can add W&T auxiliary equipment 
to achieve this closed-loop, information-feedback system, no 
matter what your present arrangement. 


For more information, write Dept. S-140.84 


WALLACE & TIERNAN INCORPORATED 
25 MAIN STREET BELLEVILLE 9. NEW JERSEY 


LANCASTER PRESS, INC., 


LANCASTER, PA 


is, 4 J Ae 
+ 
3 


es 
3 
it 


